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Foreword 


O F all the works of man in the various branches of en- 
gineering, *none are so wonderful, so majestic, so awe- 
inspirigg as the works of the Civil Engineer, dt is the Civil 
Engineer who throws'a great l^dge acroM the yawning chasm 
which seemingly forms an impassable obstacle to further 
progress. He designs and builds the skeletons of steel to dizzy 
heights, for the architect tp cover and adorn. He burrows 
through a great mountain and reaches the other side within a 
fraction of an inch of the spot located by the original survey. 
Hje scales mountain peaks, or traverses dry river beds, survey- 
ing and plotting hitherto unknown, or at least unsurveyod, 
regions. He builds our Panama Canals, our Arrow Rock and 
Roosevelt Dams, our water-works, filtration plants, and prac- 
tically all of our great public works. 

41 ^ The importance of all of these' Immense engineering 
projects and the need a clear, non-teehnical presentation of 
the theoretical and practical develoimientB of the broad field 
of Civil Engineering has led the publishers to compile this 
great refermioe work. It has been thrir aim to fulfill the de- 
anuidB of the trained enidneer for aatiioritative materiid which 
Will aolva tibe prebleiits in hif own nnd aUiad lines in Civil 
EngkiaeHng, as wiU as to saUdlr the desires of the scif-taught 
piadieal naan wlmatkanq^ to keep up with modem engineen> 
ihg devdoinientB.* 



^ Books on the several divisions of Civil Engineering are 
many and valuable, but their information is too voluminous to 
be of the greatest value for ready reference. The Cyclopedia of 
Civil Engineering offers more condensed and less technical 
treatments of these same subjects from which all unnecessary 
duplication has been eliminated; when compiled into nine 

c 

handy volumes, with comprehensive indexes to facilitate the 
looking up of various topics, they represent a library admirably 
adapted to the requirements of either the *technical or the 
practical reader. 

^ The Cyclopedia of Civil Engineering has for years occupied 
an enviable place in the held of technical literature as a 
standard reference work and the publishers have spared no 
expense to make this latest edition even more comprehensive 
and instructive. 

41 ^ In conclusion, grateful acknowledgment is due to the staff 
of authors and collaborators— engineers of wide practical ex* 
perience, and teachers of well recognized ability — without 
whose hearty co-operation this work would have been im- 
possible. 
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PORTION OF FLORIDA KBY8 RAILROAD 
dhows the looc stretch of concrete ooostniction betwoen the and the kesra. 


RAILROAD ENGIN] 

PART I. 




RING. 


RAILROAD SURVEYS. 

1. Qmeral Principles. Tlie engineer shonld have first, a 
thorough appreciation of the objects to be «lbeoin|)li8hed by the 
survep. He should realise that, except in the rare cases where it 
is difiicnlt to find any praotioable line, very litUe engineering 
training or ability is required to lay ontaline over which it would 
be physically possible to run trains. A line as laid oat may violate 
all rules of location, may be expensive to operate and have disad* 
vantages which 'will discourage traffic, and yet trains can, be run 
over it. From the infinite number of possible locations, the en> 
gineer must select the location which best satisfies the various con* 
flicting interests. His value as an engineer depends on his ahili^ 
to interpret the natural conditions and design the line accordingly. 
This ability is only obtained by a thorough knowledge of the whole 
subject of raHroad engineering, supplemented by practical expe« 
rienoe. It is therefore true that many of the following statements 
will not be thoroughly appreciated until the stii lent has covered 
the whole subject and then reviews it. 

a. Confilctlnfl: Interests. There are several classes of inter* 
ests, which are generally more or less conflicting, which affect the 
location of every line* ' 

(a) Titaaultial cost nJumld he a rnhumuni, but tlie cheap* 
est road generally has sharp curvature, steep grades and inccm* 
venient location. 

(J) The ojwratiny ewpenaee jter train mile ehould he a 
minlmvmy which is generally equivalent to saying that the cnrva* 
tore should be light and the grades low, but this is usually unob- 
tainable except at great cost. 

(<•) The hication tthoahl he convenient to eoureee rtf traffio 
so that the maximum traffic will be obtained, but this is generdlj 
Very costly. 
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RAILROAD ENGINEERING 


A little*Btudy will show the frequent conflict of the above* 
oonditioiiB. When a proposed location evidently combines the 
above interests advantageously, instead of bringing them into con* 
flict, then there is no doubt as to the proper location, unless it 
affects unduly the adjacent location. The best engineering ability 
is a cheap investment when deciding on a location which requires 
a delicate balancing of the claims of several jxissible routes^ each 
with its own combination of greater or less initial cost, greater or 
less ojierating expenses, and greater or less effect on the probable 
revenue of the road. * 

* RBC0NN0I55ANCB SURVBYS. 

3. Essential Problem. F rom the above considerations it may 
readily be seen that the first survey to be made (called the reeon- 
noissaiice survey) consists essentially of a broad ^examination ot 
the country through wdiich the road is expected to pass. Business 
considerations usually predetermine that the road is to connect 
certain termini and also pass through certain intermediate impov* 
taut towns or cities, but the problem consists in finding the l)es't 
route iHJtween the predetermined points. When two consecutive 
predetermined points lie in the same valley or on the same bank of 
a river too large to be easily bridged, the location is self-evident. 
If the river is smaller, easily bridged, has sharp bends, with 
variable banks and important towns on eitlier bank, it will usually 
I’equire a close examination of each bank to determine where to 
cross if at all. When the two points are many miles a^rt, lie in 
different valleys, and are therefore separated by one or iiiore suin- 
iiiits, the selection of the best route becomes more and more eom- 
pli^^ated as the number of possible routes becomes greater. It is 
generally true, although not invariably, that a cross-country route 
whidi iucludeq^ the lowest summits and the highest low 
(such as river crossings) will give the best gradt^. Since the 
ruling gradi9^*’ is the most important physical consideration for 
the engineer, aa udll l)e developed later, the chief work of the 
recoiiuoissauce survey (apart fix>m considerations of probable 
||,rafl[io) is the determinatiou of die elevations of summita and 
and the distance, between them, together with the constructive 
character of the country. 
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4 . Utiliatioil of Existing Maps. Hie U. tS. Geological 
Snrrey has already pnbliehed coutonr iiia[>a of a large }iart of the 
eoantry which eiiaiile an engineer to (H>Ieet a line witli even 
greater ease and certainty than he can from a recun iioissauee map 

. made for the puqiose (as usually inade'l, since the II. S. G. 8. maps 
. show the country and enable the engineer to rapidly com. 

pare«a doisen suggested routes instead of confining his attention to 
the (usually) limited area of the special map. Tlie errors of the 
U. 8. G. 8. maps will seldom if ever, bo sufficient to vitiate the 
accuracy of the preliminary route laid out from them. Usually a 
brief study of the map will demonstrate that ona (or jierhap two 
or three) general route has advantages so pronounced over all 
other possible routes that the choice is immediately made or is at 
least reduced to the comjiariHon of two or three lines which are so 
nearly equal that closer and more detailed surveys are necessary 
to decide between them. County atlases are' usually sufficiently 
accurate for recohnoissance purposes to the extent of giving the 
relative horizontal positions Vif governing points of the survey. 
Elevations may be determined (as described later) and plotted on 
(hese ma|)s. 

5. Surveying Methods. When reliable contour maps are 
unavailable, some of the following methods may bo used to fill out 
existing maps or to make a complete reconnPis 'tince survey. Tlie 
essential point is the rapid determination of those details from 
which one route is shown to lie 8n|Mirior to another. Nothing 
useless should be surveyed and no time should lie w'asted on an 
unnecessary degree of accuracy. Tlie physical characteristics of 
two routes have usually such differences that they are apparent 
even with rapid and approximate methods of surveying. If two 
routes are so nearly equal that a decisive choice cannot be made 
from the results of recon noissance surveys, it shows {hat a more 
accurate survey should be made of both routes. 

6. Elements. The three elements of the survey of any line 

"are (a) die length, (5) the direction, smd (c) the slope or the relative 
eWvatiou of the two ends. The lengdi is sometimes 

detormined with sufficient accuracy by pacing, the steps being 
counted with a pedometer. In an open prairie country) where a 
'Imggy may be nm, an odometer attached to a wheel will count 
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revolutions. ^ An odometer on a wheel, attached to a frame and 
trundled like a wheelbarrow, has been used for the same purpose. 
A large telescojie, mounted with a universal joint on a very light 
tripod, and fitt^ with stadia wires so adjusted that distances of 
2,(M)0 or even 2,500 feet can l>e read to the nearest 10 feet on a 
10-foot rod, will give the distances between widely separated sta- 
tions Vr'ith sufficient accuracy and extreme rapidity. I>iractioH 
may be obtained with sufficient accuracy with a comj>ass — even of 
the pocket type. Leveling. Spirit leveling is too slow and ex- 
pensive for the rapid surveying here required. If stadia methods 
are used with aq instrument provided for reading vertical angl^, 
the inclination of all Imes may be observed and the elevations of 
all stations computed. A still more rapid method of observing 
differences of elevation with sufficient accuracy for the purpose is 
found in the use of an aneroid barometer, supplemented by another 
aneroid or preferably by a mercurial barometer. The mercurial, 
or the office aneroid, is kept at some office whose elevation is known 
and observations are regularly taken (say every half hour) during 
the ])eriod when observations are being . taken in the field with the 
field aneroid. The field aneroid is taken to each place, within (i 
range of several miles, where elevations are desired. At each point 
there should bo noted (see the form of notes Itelow) the time, the 
described location, the aneroid reading and the temperature. If 
])08Bible, duplicate readings should be taken on the trip to and from 
the office ou all important points. The elevations of aucceeding 
office locations made, ina^ be determined with tlie field aneroid if 
necessary, but of course extra care should be taken with such work. 

Aneroids are usually '^compensated for temperature,” so 
adjusted that they will give a true reading regardless of temperature. 
If an aneroid has not l^n so adjusted, it should be carefully com- 
pared withSta standard mercurial barometer under widely varying 
conditions of temperature and a tabular form, should be made out 
for that aneroid showing the correction to be applied at any given- 
temperature. On account of the expaiSition of mercury with tern- 
jterature, and also the expansion (at a different rate) of the tube 
and cistern, aU readings of' the mercurial barometer must be 
' "reduced tar32° F.,” i.e.^ reduced to the reading it would have, if 
the temperaturb of the instruifffitit were 82° F. This is readily ae* 
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compliBhed by means of Table XL* At the office, each half -hourly 
observation should include the time, the reading of the scale show* 
ing the height of the mercury, thd reading of the ‘^attached ther- 
mometer” (the thcrniorneter attached to the mercurial) and also 
the temperature of the external air. When the mercurial is in- 
dcK>rs these two temjH^raturt‘8 may differ somewhat. When rwluc- 
ing^the observations interpolation should be made if necessary 
between the reduced office observations to determine the probable 
reading of the mercurial at the time of any given field observation, 
petermine from^Table XII* the heights corresponding to the field 
reading and reduced office reading for each pair of observations. 
Their difference is the (tjrproxmnte, difftn'ence of elevation of the 
office and of the place of the field observation. If necessary this 
may l>e corrected by an amount equal to the approximate differ- 
enee of elevation ames a coefficient derived from Table X III,* This 
coefficient is found op|K)site tlie number which gives the nutti of the 
temperatures in the field and outside the office. The correction is 
frequently too small to be noticed. An approximate ciilculaticm 
will often show this, or will give a solution to the nearest foot, 
iW’hich is amply accurate. An aneroid, no matter how porftHJt, will 
seldom agree exaclly with a mercurial barometer, and even if ad- 
justed to the same reading will soon indicate some discrepancy. 
It is therefore l>etter to h‘ave the adjustmeir^. undisturbed and 
apply corrections. The aneroid should therefore compared with 
the mercurial before leaving headquarters for a day’s work, and 
the readings of both and their fjiffannee should be recorded. 
Immediately after returning from the day's work the aneroid should 
agai.^ lie conqiared. The absolute reading of the mercurial will 
probably be higher or lower, but the dtff^ rem^e should be nearly 
the same, although it is found that an aneroid will lag somewhat 
behind its true rttading, es[)ecially if it has been subjected to an 
extreme variation of pressure. All the field readings of the an- 
eroid should therefore 1^ corrected by the of the initial and 

final differences. The method and the above explanation may be 
illustrated by the following numerical examples: 

7* Examples. 1. Given a reading of 28.092 on a rner- 

•Sea 'Webb*ii **Trifonomctrlc Tablefli.** pobllalied bjr Aineiican School of Gorretpotid* . 
Mce, Cbieago. m. Price* Me. 
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cnrial barometer, what ia its reading when redneed to 33° F.,- the 
reading of the attached thermometer being 68.5”^ F.? In Table 
XI*, under 28.5 and 0 |)|K) 8 ite 38°, we find - .101. Under 29.0 and 
for 08" we find - .103, For 28.692 and 68" it evidently shonld be 
- .102 (to the nearent thonsandth). Similarly for 28.692 and 69" 
we may derive - .105. For 28.692 and 68.5“ it would be the mean 
or - ,1035, which we will call - .103 since it is useless to conupnte 
the correction closer than the nearest thousandth. Then since the 
correction is - .103, the corrected reading should be 28.589. With 
a little ])ractice the interpolations, when necessaVy, may be made 
in far less time than it takes to describe it. 

2. Verify the following reductions: 


Har. nMidlnK- 

I'einp. 

RediuM^cl reading. 

l>«.42e 

58 > P. 


27.H92 

78.5 

27,767 

28.475 

85. 

28..'H0 

r».847 

48.5 

30,792 


3. Iteduce the following readings: 27.294. 47"; 29.462, 87“; 
26.230, 78.6°; 26.241, 62’; 26.4S1, 75'; 29.625, 89.5"; 80.942, 
88.6"; 29.784, 46.6"; 28.38(5, 48"; 27.942, 74.6’. 

4. (Compute the barometric elevation corresponding to a 
reading of 28.689. From Table XII* the reading for 28.6 is 1397 
and the difference for .01 is -9.5; therefore, for .089 the correction 
will be - 9.5 -X 8.9 — - 84.55. or in whole numbers - 85. Tlieu 
1397 - 86 = 1312, the corrected reading. 

6. Verify the following elevations from the redneed read- 
ing: 26.356, 27.767. 28.330. and 30.792; /.e., 3528, 2107, 1660, 
and - 710. 

6. dompnte the barometric elevations corresponding to the 
rediwed readhttfs found by solving Example 3. 

7. With an approximate difference of elevation of - 136 feet 
and field itnd ofiice temperatures of 62' and 67“, what is the true 
difference of elevation ? 68 -f 67 = 129. For 129“ the coeffi- 
cient is (by interpolation) .0357. 136 X (+ .0357) = + 4.8552. 
For this slight difference of <^vation, the coefficient is JiiT more 
accurate than necessary, and course the correction is called + 5. 

aSM W^b^^TrigaiioiiiMrle Tftl)l«ii”ViniUshed Iv AmarteaaSoluKilof Cocrespoiid- 
^iatee.Cinawo,'IU. Prio«,S(^ 
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Tlie difEerenee of elevation should be increased by 6, but the dif- 
ference is essentially negative. Therefore we have as the correc- 
tion -(+ 5). The true difference of elevation is - 136 - (-+• 61 
-141. ‘ 

8. The following example shows not only the method of 
recording the observations but also the f*oinpIete solution of a 
proUeun. s 


Tliuf). 

1 

Mercurial 

bantmoier. 

• 

Attachod 

thermometer. 

Rednction to 
aao p. 

Correct«»d 

reading. 

Kxterual 

thermometer. 

7:00 A. M. 

28.892 

62^ 

-.087 

28.605 

60® K 


.724 

64 

-.092 

.6;i2 

62 

8:00 

.Tfje 

66,5 

-.099 • 

.657 

64 


.782 

68 

-.102 

.680 

65 

9K)0 

1 

.824 

69 

-.105 

.719 

66 


The observations taken ii] the field at this lime were as given 
in the first four columns oi the following tabular form. The 
other columns are c-omputed later in the office. 

(Left-hand |)age of notes.) 


r.“‘. 

- -r 



. 


• 

Time. 

i Place. ; 

; . , . 

Aneroid. 

i Therm. 

i 

1 

j ('orrectwj 
: aneroid. 

(>>rn»eted 

mercurial. 

7K30 A, M. 

kiffico. 

28.743 

tJ2* 


! 28.0)5 

7:20 

R. R. Junction.* 

,769 ! 

6.3 

.a'ii 

1 .02:1 

8:10 

Blue River . . J 
Saddle In I 

.860 

ir) 

.722 

.665 . 

8:50 

BGan|K>le rid^ej 

. 522 

6^5 

,;i84 

.706 


(Right-hand })age of notes.) 


Ext. temp. 

' Approx, field 

Apjvox. office 

( 

1 (Correction ! 

1 

) illfference of 

omce. 

j reading. 

reading. 


t for temp. 

1 elevation. 


1 1273 

1280 

-7 

b 

-‘7 

64 

! 1186 

1240 

-M 

-(+2) 

-56 

66 

i 1508 

1201 

+ 307 

+ 12 

+ 319 


8. Low Ruling Grades. It will be developed later that a 
low ruling grade is of prime importance. Tlie approximate value 
of the ruling grade is determined from the reoouiioissance survey. 
It Uie country is mountainous, it pay be necessary to ‘’‘develt^** 
die line in order to reduee the grade. Development*’ here 
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meftoe a deliberate iuerefiee in the length of the linb between two 
predetermined points bo that the rate of grade shall be as low as 
desired. The (Teoigetowu spiral, shown in Fig. 1, is jierhaps the 
most himone example in this country of this general method. A 
stndy of the conrse of the track will ilhistrate several methods of 
taking advantage of the topography and attaining a considerable 
elevation although the grade is kept low. 

PRELIMINARY SURVEYS. 

9. Qeneraf ObJecL Hie recon noissance survey has shown 
that the best location for the road will lie somcnrhere through a 
certain belt of country. In some placed this belt may be very 
narrow, «.6., certain topographical features will determine that the 
road ‘muit pass through a strip but little if any wider than the 
roadbed requirements. In other places the choice of jiossible loca- 
tion is so widened that it is ppoessary to survey everything within 
reach of the liackbone line of the survey. Tlie willingness or finan- 
cial ability of the company lo ignore minor topographical con- 
siderations and incur heavy exfiense in order to obtain economic 
advantages, may also widen the area of ]K>s8iblo location. As a 
general statement, the width of the belt snrveyetl should so vary 
as to include all practicable hamtions along that general route. 

10. Crass Section Method. A broken Jj m is run which 
shall He as near the expected location line as {possible. Hie bear- 
ing and length of each segment of the broken -line is determined, 
and also all essential topographical features on either side. Bear- 
ings are sometimes taken only with a compass, which has the 
advantage of great rapidity but lessened accuracy. For more ac- 
curate work, true azimuth is carried along by means of back sighte 
at previous stations. The azimuths between stations should lj|P 
decked by means of needle readings. It is advisable to determine 
exact azimuth at the beginning of a survey and at intervals of a 
few miles. This may be done by oliservations on Polaris (see 
Plane Snrteying, Part II, Pages 95 to 97), or still better, by solar 
obsen%tionB which may be taken with great accuracj at any time 
of -day. Set stakes at each even 100 foet. Jn general the instm- 
ment statums will not oocnrat theswen 100-foot distanees, but 
odd distance sbonld -always be carried on to the next coarse. Hbe 
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stakes shonlchbe about fifteen inches long and abont one-and-one- 
(juarter inches square. Stakes with a cross-section of one inch by 
one-and-one-half inches are preferred by some. Tlio stakes indi- 
cating the 100-foot stations should l>e driven to within five inches 
of the ground. Stakes indicating the locations of the transit (called 
hubs) should lie driven flush with the ground. A “witness stake” 
should then lie driven three feet to the right and on this •stake 
should 1x3 marked the station numlier and the “ plus distance 
the stake might show 137 + 40, which would indicate that the 
stake was 46 feet l>eyonfl Sta. 137, and 13,7+0> Wet from the start- 
ing point. Station stakes should 1x3 marked with the station 
iiumlx^r on the rear aide of the stake. Tmimxl lately following the 
tmnsit |)arty, the level party should obtain the elevations alxive the 
datum plane of all stations and substations, ridges, sags, river banks 
and any point where the profile <‘hange8 abruptly. 

11. Cross Sectioning. Use a^Locke level, resting on a five- 
foot stick, a SO-foot ta|X3 and a ten-foot rml graduated to feet and 
Umths. The cross-section jmrty talces cross sections (usually) at 
every lOO-foot stake, the cross swtion being made jx^iqxjndicular 
to the backlxme line of the survey at tliat place, as is indicated by 
the dotted lines in Fig. 2. It is desiriHl to plot on the map con- 
tours at each five-fix»t interval above the datum plane. Let Fig. 
3 represent a typical cross section, t^et the level (on its five-foot 
stick) at the stake S. The elevation of this stake given by the 
level party is (say) 16it.4. The level therefore has an elevation of 
l'y4.4. If the level rod is moved u[) hill until it is found (by 
trial) that 4,4 mark is on a level with the telescope, then the base 
ol the rod must have a level of 170 and must be on the 170-foot 
contour. Measure the distance Konznnfnlly from stake to rod 
l^nd recoixl as shown in Fig. 4. Leaving the level rod at that ]:K>)nt, 
carry the stick and level up the hill until a level line strikes the 
top of the rdd. The base of the stick is evidently on the 176 foot 

contour. Measure and rword the distance as before. Oarrv the 

% 

level rod to that point and in a similar manner determine the 180- 
loot oontonr If desired. Tlie lG5-foot contour is evidently f .4 feet 
below the tdeseope when on ^e 5-foot stick at the center stake. 
Tlie distance from the center to the 165-foot contour can. thus be 
.found. Lower contonra can be similarly obtained. The results 


flO 



RAILROAD ENGINEERING 


11 


shonld be plotted in a note-book ruled in ([uartei^ineh f«|uarea, 
each Bide of a square representing 35 feet. The work will then l)e 
plotted on the scale of 1(K) feet per inch. If tlie successive stations 
are plotted «/> the page, the drawing will corn<spond with the 
|)oint8 when looking ahead along the line. After plotting each 
section, the corresponding contours shonld be contuK‘ted to form a 
sket|;h like Fig. 4. The crossing of the main line by a contour 
may l>e similarly determined. Fig. 4 is simply an enlarged detail 
of a sketch like Fig. 2. Although the Locke level is incapable of 



accurate leveling work, uny error that •may be nia<le by the aljove 
metiiod is confined to the station where it iH’cnrs and is not carried 
on and made cumulative. 'With rearunahle care such inaocuraoi 
can he kept within desired limits, while the rapidity is far greai 
than a more accurate method. 

12. Stadia Method. This cunsists simply (»f a stadia survey 
of a long and narrow ladt of country by the same general methods 
as those employed in oidinary stadia-topographical surveys. One 
advantage of this method is that the levels can lie carried along 
very successfully as a part of tlie stadia work, if |)articitlar care is 
takw to always obtain practical agreement in the vertical angles 
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for the foresi^lit and backBight between consecutive stations. This 
will generally permit more rapid W’ork, as the progress of the 
whole party is soiuetimes limited by the progress of the level 

party. The added cost 
of the level party is also 
saved. It is here as- 
sn iiied that the details 
of stadia "work have al- 
ready bt»eri stiiditMl and 
therefore no further dis- 
eussion will l>e given of 
this very simple a])pli- 
eation of the general 
method. As in the previouH method^ the primary ol>jeet of the 
survey is llie preparation of a map showing the eontonrs an^ 
re<jnired to()ogra pineal features over tlio desired area. 




Fig. 4, 

I3« Party Requiixid. It has l)eeii foridhly said that the only 
duty of the e/tter-of-jhirfy is Jo **keep his eyes ojien”. The 
seleMion of the beet route for a broad so de{)enda on a close study 
of the country that if tlie chieLof-jairty is rtNjiiired to do the work 
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*o£ tniDsitman, as is sometimes the case, the work of either position 
is apt to suffer. The work of the transitman is 80 *exacting that 
he should not be required to spend any time in studying out a 
ronte. Beside these two, thejre should be two flagmen, two chain - 
men, one stakeman and two or more axemen — depending on the 
wooded character of the conntr}’. On stadia surveys tlie flagmen 
and qhainineu may be replaced by two or more rodmen; it is also 
e(‘onotnical to have a recorder, as it facilitates the progress of the 
whole {tarty. Tlie cross-sectioh party should consist of a level > 
man, recorder, at\{l two ta{)emeu. Tliis party oath Itecut down to 
three, or in an emergency two, bnt it is uneconomical in the long 
nut. The level |)arty Will consist of a leveler And rodman. If 
the {tarty is cara{)ing out, a cook and one or more tc<iam8tt>r8 will 
usually Ite required to handle the camp etpiipage, as it is unwise 
to rt;«juiro the surveyors to 8{tend their time in such work. 

* 14. Re-surveys. Much of the defective location of rail- 

roads is due to (1) deciding hastily on a general route, (2) then 
surveying a line through the, Itelt with great detail and accuracy, 
(8) then locating the line substantially as first surveyed, Itecause 
the line is foirly good (or at least' nut very bad), and also Irecaflsi* 
of an unwillingness to throw away the detailutl work of a large 
{Mirty for several weeks. FnHjuently a great amount of unneces- 
sary and wholly uselcKs detail is surveyed and f)iotted during tlie 
reconnoissance and preliminary surveys. These surveys should 
only Include those salient facts which inslat, iy stamp a ronte as 
being inferior or 8n{H;rlor to another. Usually the general l(x»a- 
tion of a large {>art of a route is self evident or iitay lie deter-' 
mined after a brief examihutiun. Bu( there are generally places 
along the line where for a few miles a hasty examination of two 
or three lines is not only justiflable but is the only pro[ier conr^ 
Two or more of these short ]oo{i8 may sitow advantagt^s so evea^ 
divided that a more elaborate survey is mwessary to decide between 
them. Even after the location survey has been made, or even 
after construction has Ijegnn, changes are often pro{)er, bnt if the 
preliminary surveying has been well done only minor changes 
should be needed. A few hundred dollars spent on extra survey- 
ing ia a wise investment considering tlie great probability of sn 
immediate saving of as many thouBands in construction or of an 
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operatiiifr advantage whose annual value might Iw as great as the 
cost of the extra surveying. 

LOCATION SURVEYS. 

15 . Selecting a Route. Much of the railroad location of 
the country has been done by picking out the line on the ground, 
even making it follow in places the backl>one line of the prelim- 
inary survey, running from one course to the next by means of 
suitable curves. In the hands of a good engineer the method is 
not necessarily very bad, but it is much improved[^by the following 
modification. Pajter loaatinn. The work of the preliminary sur- 
vey is carefully plotted from the transit notes and cross-section 
book to a scale of 2<K) feet per inch, (^n this map may l)e plotted 
one or more trial 1(K^ation lines. Ea(*b of these consists of citxmlar 
curves joined by tangents. Tlie location line must jhibs through 
any predetermined points and yet join them by lines which wifi 
give the la^st location, considering, the contlictiug interests as 
descrilM'd in si^ction 1. Within the limits of the preliminary 
map several Iwations are generally |i 08 sible and Atie great element 
of tlie value of such a map lies in the ease with which several 
routes may l)e laid out and com])arud. I^rofiles may be drawn fur 
each line laid' down by noting tbe intersection of the line with 
eacli contour. Drawing on the profile the required grade line w'ill 
give a ndative idea of the amount of earthwork required. Tbe 
method is e8|H*cially valuable ■when “development” is necessary. 
^Although such a line must sometimes be laid out by a bold and 
apparently unsystematic trial of a route, yet some approach to a 
systematic solution may lx* m:tde as folloM's; Assume that the 
maximum ruling gra<ie has Imhmi determined as 1.2 per cent, and 
that' the contours have, as usual, a five-foot interval. It will 
4^uire 417 feet of 1.2 |»<r cent grade to rise five ft'cL Set a pair 
of dividers sq, that they will step off spaces of 417 feet on tbe 
map. Starting on a contour at the required bf^inning of a grade, 
swing tbe dividers so that they will just reach the next contour 
and coDtinne to step off such sjMces. Joining these points, such 
a line would be a purely sur&ce line, would probably be very 
crooked and otherwise unsnitaMe, but it probably would be sug- 
gestive of a practicable route. After locating on the map tbe beat 
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obtainable line, it ehouid theit be traneferml to the gronnd. 
Measure to scale the lengths af all tangents (the^straight limts 
joining the curves), and the radii and lengths of all curves. 
Instead of scaling off the of a curve, it iiiay lie luoru aocii* 

rate to measure with a protractor, or with a scale of chords, the 
angle between the tangents at each end of the curve, and from the 
angle and the radius compute the length. Usually the located 
line *will lie fairly close to the preliminary line — close enough so 
that tie lines may rt<adily Ite run ladween them. Those should be 
scaled from the map. To prevent the aciMimulation of error due 
to inaccuracies, the length (or radii) of curves or tlie length 'of 
tangents should l)e altered if necessary so as to make the location 
check on the ground with the positions td the stakes of the pre* 
liminary siirvev. The method of making such modilications will 
be taken np later. 

* 16 . Surveying Methods. Only the most precise work with 

a transit can be tolerated. Tl>c comjwss nc'wlle Is only to bo used 
as a chei'k, but its use for this purpose should be insisUMl on, as 
it frefjnently detects a gross err(»r. Transit stations should In* 
marked by ‘♦hubs” and “witness stakes” (Section 10). Keferem-e 
Intakes should also l>e set at jdaces as near ns possible to the prinei- 
|Hil stations and yet outside of the line of all earthwork o|a*ration8, 
so that at any stage of the construction the |K)s{tiunHof the original 
stakes may Ite easily recoveriHl. Thu link chain us a measurer has 
now lanm practically discanled for the sUvl '.H|ie. Fractions of a 
foot are ineasnnHl in tenths and hiindredtlis rather tlian in inches. 
The fermmiiA of the party will lie almost identical W'ith that of 
the preliminary survey party excejA that the cross motion |>arty 
will be replac^^ by the slojie-Btake party, whowt duties are similar, 
hut who generally use a level on n tri|K)d rather than a hand level. 
The description of the duties of the Blo|ie.stake |)arty will lie 
ferred to a later chapter. The leveling jiarty should establish 
** bench-marks” at fre<pient intervals along the line. A spike 
driven iu the roots of a large tree is one of the best and easiest es- 
tablished of marks in rural districts. A mark on any large 
masonry structure, such as a bridge abutment or a building, should 
be obtiuDed when possible. Levels should be taken to bundredtiis 
of a foot on turaiug pmnts and, bench marks. , Some engineers 
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read to tbonsandths of a foot, but when it is coneiderwl that one* 
division of a level babble usually oorresJiondB to 30" of are, and that 
at a distance of 150 feet a movement of 80" of are will correspond 
to .0218 foot on the rod, an error of level amonnting to a very small 
fraction of a division will make an error of several thousandths or 
even a hundredth. Therefore unless unusual care is taken in 
handling the level, it is a useless refinement to read the Qod to 
thousandths. Tn reading elevations of the surface of the ground, 
the nearest tenth of a fcjot is sufficiently accurate. The complete 
details of location surveys can only be appreciated after the subji>ot 
of railroad curves has Imhhi studied, and they will not therefore be 
farther elaborated here, 


SIMPLE CURVES. 

17. Method of Measurement. The alignment of a track is 
the getniietricsil form of the line midway between the two rails. 
Such a center line may i)e a straight line, a simple curve or a curve 
of double curvature, but it simplifies matters to consider always 
the horhontal projection, of such lines. 
Their vertical projections are considered 
separately when it is necessary. Curves are 
sometimes designated by their radius or by' 
the degrees and minutes subtended by a unit 
chord. N early all railroad curves have such 
long radii that it is impracticable to use the 
center. Tlierefore all work is done at the 
circumference in accordance with geomet- 
rical principles which will ifbw be described. 
If AR, Fig. 5, is a <‘hord ont^it length, then D is called idiedegree 
of curve for tjie radins R. 
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which becomes by inrersioa 
* * 

sm -g- 1) 


0 

Sll 


( 2 ) 


The length of the unit sub-diord varies somewhat with cub- 
torn. The almost invariable pi*aetice in the United States is to use 
a unit chord length of 100 feet. Substituting O = 100 in equa- 
tion 1, and successively assuming values from 0^ 01' up to 12" 0' 
varying by single minutes, and with larger intervals for higher 
degrees which arp very seldom used, the radius of almost any curve 
may be tabulated for ready and convenient use. Such a table is 
found in Table I*, which also gives the logaritlnn of each radius. 
A very common rule, which is approximate hut accurate enough 
for many uses, is as follows, using the same notation as before: 


R 


5730 
^ I) 


( 3 ) 


i8. Sub-Chords. It often liecomes necessary to lay off a 
chord length which is less than IfM) h»et aid to know the angK* 
subtended at tlie center. Since a clionl 
i% shorter than its arc, it also follows 
that the sum of the four e<pial chords in 
Fig. 6 is also shorter than the total arc 
although they are evidently longer than 
the 100' chord. Ihit it is found inoie 
convenient to say that the chord has a 
nominal length (in this case) of 25 feet.* 

As in equation (2) we may derive 

(-») 

III which d is the angle sniitending the suh-churd whose trtie 
length is c. By inversion we have 



c — 2 R sin -p- d (5) 

Calling, the nmninal length c’, we have the proportion 

c' ; 100 :: : D 

> WabM **TilgfmoiiMtria Tables." pubUebed bj Atiierieb& Stibool at Cqrrtafpama- 
<M.ChieBiO*TU. FKtoe.30e. ^ S7 ? 
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, EXAMPLES FOR PRACTICE. 

1. What is the true length of a chord of a 3® 80' curve 
whose nominal length is 40 feet? From the ahove proportion, 

d = 0.40 X 3.5 — 1.4"’ = V 24'. Substituting in equa- 

tion 5, we liave 

f = 2 X 1037.8 X Bin ^ (1° 24') = 40.005. 


Note tliat tlie over 40 feet is very small — about one- 

sixteenth of an inch. It is always small for low* degrees of curva- 
ture. Ill the fallowing example it is far greater. 

2. Wliat is the tfue length of a chord of a 12^ curve whose 
nominal length is 60 feet? Ahm. 60.070. In this case it would 
be a gross error to neglect to allow for this difference. 

i9. Length of a Curve. Tlie length of a curve is always 
considered to be the quotient of lOOA D, in which A is the 
total central angle of the curve or the angle between the terminal 
tangents. The mean length of the two rails of a curve is always 
a little in excess of this, but the excess is always so small that it 
has no practical importance. It merely adds an insignificant 
amount to the length of rail required. £!xamj>le. A 4® curve 
begins at Sta. 16 -[- 80 and runs to Sta. 21 + 35. The nominal 
length of the curve is 455 feet. The actual arc (which is the 
mean of the two rail lengths) is 



4.65 X 4’’ X R X jIp = 456.09 

which shows thr^t the excess in this case — 
.09 foot, a little over an inch. 

20. Elements of a Curve. The follow- 
ing fundamental relations apply to all carves. 
See Fig. 7. The beginning of the carve, A, 
ft call^ the poini of curve, PC. The other 
end of the curve at B is called the point of 
tnvgem'ij, PT. The intersection of the two 


tangwits is called the vertex (V). The ceittral angle. A, is the 
an V between the tangents, and it is equal to the'aogleac 
the center, O, between tbe radii drawn to the PC and PT. The ‘ 
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*two equal tangents AV and BV Are called 
The chord AB is called the long ehordj LG. The distance JIG 
from the middle of the long chord to the middle of the arc is 
called the middle ordinate, M. The distance GY front the middle 
of the arc to the vertex is called the eMenud dutanccy E. From 
trigonometry the following eomiiionly used relations are easily 
derive^. 


T = K tan A 


(6) 

LC — 2R sin Q A 

A 

• 

( 7 ) 

M = It vers A 


(8) 

E It exsec A 


(9) 


{Note, The abbreviatc>!<i to yv /’A/, and tlie 

secant^ abbreviated to are trigonometrical functions 

which are not commonly used except in railroad work, and some 
works on trigonometry omit their discussion. An inspection of 
the figure readily shows that vers a 1 - cos and that exsec 
fit = sec a - 1 . ) 

From trigonometry we may derive the general e(|iiation that 
tan a -f- exsec o ^ cot \ Tlicrefore, by divii ing equation U by 

•w 

equation U and trans[K)sing we obtain 

T.-Ecot J d (10) 

21. Elements of a 1 ’ Curve. Thu yariuuaelumeiitsof HcurVe 
are exactly pro|K)rtiuiial to the radius and nearly proportional to 
. the degree of carve. Therefore if the tangents, external distane^^s 
uUuid long chords are computed from erjuatiolM 0, 7 and 9 for var* 
..ions values of A from 1® to 91"', I'arying by 10', then an approxi- 
mate value for any degree of curve and value of A may be found 
by taking ont its value fora Incurve (by interpolation if necessary) 
and tiben dividing that value by the dej^^ of curve. For low 
‘degrees of curvature the inaccuracy of this method is usually small 
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TO« =500 
«OJ : g aCh 


hOd==^^,bCd 

If Oa 100 feet, tlien by detinition, the angle OCit — I), and 
the angle TO« = |- D. Likewise if the chord al — 100 feet, 


then the angle aCf> — D and the angle <iOb = ^ 1). bd is a 
Bobchord subtending the angle* //, and the angle bOd — d. 


Therefore if a transit is set up at the point O, any ))oiiit of the 
curve may be determined by measuring tlie 
proper chord length from O in a direction 
determined by swinging an angle from the 
tangent OT equal to otiedtaff tof the angle 
measured at 0 between O and the desired 
point. But the measurement need not l>e 
made ^irectly from O if other points have 
already been determined; b may l>e deter- 
mined from a and d from b. Since it is 
generally impracticable to locate more than 
oOO feet of curve from any one point, on account of naliiral 
obstructions (and sometimes the distance is very short), the transit 
must be moved up to a new station already established on the 
curve. But the same principles will apply and may be repeated 
indefinitely. 

24. Computing the Deflections. If the point of curve is 
less than 100 feet from the last regular 'station, the remainder of 
the 100 feet must be laid off as a snbchord. One-hundred-foot 
chords are set off until a station is reached which is within 100 
feet of die end of the curve or (numerically) until the degrees of 
central angle remaining is less than D. That remainder is the 
angle for the hnal snbchord. The for^^ing may be illustrated by 
, a numerical case: A 4° curve is to be^n at Sta. 24 + 40. The 
central angle is 18” 40'. Compute the deflections. The first sta< 
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tion point 1b 60 feet Ijeyond the point of curve. The subchord 

angle is therefore X 4“ = 2.4" = 2" 24'. The deflection from 

* the tangent is one-hulf of this or 1° 12'. The deflection for the 
P.T. is one-half of the total central angle or 9° 20'. Subtracting 
1" 12' we have left 8" 08', which will allow for four deflections of 

0" 08' * 

2" each and 0° 08' over, which will require a chord = —go" ^ 

= 6.<}7 feet. The curve will therefore end at Sta. 29 + 6.07. 

m. . . ^ „ 18" 40' 

This may lie verified or otherwise computed as follows: — j., — 

= 4.6ti667, the total mymhml length of the curve in station lengths 
of 100 feet. That is, the length will be 460.67. The first sub- 
chord is 60 feet; then fourchonls of 100 feet; then a final sulichord 
of 6.67 feet. The deflections may be tabulated as follows: 


P.G. Sta. 24 H 40 


O' 


26 

6’ 


■i 

1" 

12' 

== 1" 

12' 

26 

r 

12' 

+ 

Oo 


- :r 

12' 

27 


12' 

+ 

r 


= 5" 

12' 

28 

5" 

12' 

+ 

o* 


= *7" 

12' 

29 

7" 

12' 

H- 

Oo 


- ir 

12' • 

29 4- 

6.67, 11’ 

12' 

+ 

0’ 

68' 

..T 9" 

20', which is one 


half of IH’ lO* as it should lie. 


25. Instrumental Work. The aliove numerical case is com- 
paratively simple. When the degree of curve is an odd quantity 
and when diflieulties of location require tliat the transit be set up 
at substations on the curve, then the numerical work, although 
worked out on precisely the same principle, is much greater and 
chances for numerical error are greater. The following rule for 
inatrnmen|^al work is as aimple as any for the simple cases and is 
far better for the more complicated cases. Compute the deflec- 
tions fur all stations and substations as illustrated above. Set up 
the transit at the P.C., and locate from it all stations that may be 
conveniently reached. Then move up the transit to a forward 
station and use the following rule: 

iht trawth net at atty J\trwani uttrtMti, htel'ftight to. 
a»r j>n‘vUnt9 ataiimi with «et at tint defietitiau, angle 
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for t?m station sighted at. Plunge the telesrs^jw^tod sight at 
any fmnoanl station with the deftiwthm angle eomjfuted for that 
station. 

The student should verify for hiniaelf the truth of this rul0ji^^ 
by drawing out a simple ease and noting the angles both for fore- 
sight and backsight for any station, wlien the transit is located at 
any station. 

(hirve location requires extreme care on the part of held men, 
for a veiy slight inaccuracy is apt to be multiplied until the error 
is ijitolerable. Tike transit should l>e very carefully centered over 
hubs, which should Ihj referi-ed to jKunts which avili not be dis- 
til rlietl during construction. • 

36. Special Methods of Location. The alnive method, using 
ti transit and tap*, is the ordinary and preferable method, but it is 



KJg. U. 


sometimes ne-cessary to lay out a curve wlu*ii a transit is not at 
hand and there are sometimes sjN*cial cmulitioiiH when a inoditica- 
tion of the above method will be Tno;*e accurate. The engineer 
must have learned the fundamental principles of curve IcR^tioii so 
tlioionghly that he may decide on the best metlicKl to use and even 
to invent some modification which may best suit the s[)e(;ial case 
in hand. A few of these special cases will l>e descrilx)d. 

(a) Using two transits. The location may run over swampy 
ground where accurate chaining is impracticable. Borne point of 
the curve beyond the 8w*amp may l>e IochUrI, })erhap8 by triangu- 
lalion, by computing its angle of deflection and tlie length of the 
long chord {equation 7). The point beyond tbe^swamp may or may 
not be the P. T. Then set up two transits simultaneously at the 
stations located on firm ground The deflection of each chord from 
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the tan^nt 4o the curve at the instrument point, or from the long 
chord, is a simple matter of geometry (see § 23). A rodirian can * 
locate each point hy placing himself at points where he is simul- 
taneously in line for both transits; 

(/>) //// tangfintial offni tH. The solution of this as well as . 

the following iiiethcKls will be indicated by the lines in the figures. 

In each case tj||p solution is an appli- 
cation of simple geometrical and trigo- 
nometrical principles. The solutions 
are somewhat. lengtfiened, although not 
essentially modified, when the curve' 
l)egins or ends with a subchord. In 
Fig. 10, for example 

10. iw = ()<// f ^7/ = 40 cos 0° 86' 

+ 100 cos (1^^ 12' + 1^ 30') 

hhf = // //' I irh 40 sin 0" 36' + 100 sin {V 12' + 1" 30') 
and similarly for other points. 

(c) Jig middle oy'dintttt'M. (Compute first the length of a 
long chord for tieo stations and the middle ordinate of such a choM. 
For subchords, compute the long chord and middle ordinates for 
an angle twire that subtended by the suWhord. These distances 
should be laid off on the ground as indicated in the illustration. 
In' Fig. 11, 0<r is half the long chord for two stations and //"a 
equals the middle ordi- 
nate for such a long 
chord. Lay off On on 
the tangent and measure 
out the off set r/V. M(>as- 
ure out ivf ( ^ a*' a) so Fi^f. 11. 

that <m'i8 perpendicular 

to Oa', and produce (h/' to h. Off' = 0(f = n'k. Thus is b located, 
and f\dn etc., will be located similarly. In Fig. 12, an is half the 
long chord for twice the arc and On is its middle ordinate. 
Compute similarly 3 g and £'^,«ud lay off on the ground a and s. 
C!onKpute, as in the regular case, aa* and sa' ( := a*b); b is than laid 
off act before. 
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* (</) offsets f nun the lon^ chonh The geometry involved 

is apparent from an in8pt5Ction of Fig, 13, in vv'Iiich is shown the 
general case of a curve lieginning and ending with a subchord. 
All of the al>ove methods are mathematically |)erfect in theory, 
but when curves an< thus laid out without the aid of a transit the 


work is apt to lie inaccurate unless 
Obstacles to Action. 

As in the previous s^ion, the 
problems are usually simjde ex- 
amples in geometiy and trigo- 
nometry, and the engineer must 
select the solution which will 
give the best result. 

{(f) Vertex i naeeessthle. ^ 
The tangents are frequently ? 
tixtnl by certain conditions, and 
yet llie intersection of the taii- 


UDUBoal care is taken. 
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gents is M'itbin a building or im some jilace where it is impossible 
to set np a transit. In the case shown in Kig. 14, the tangents 
are given by the points A, n and m. Ry measuring the angles 
htiV and obV and the distance ob^ tlm triangle obV may be solvecl, 


and the distances f/V and bV coiiiputecL The external angle at V is 
the sum of the angles at o and 4, and equals the total central angle 

A. llavii,;/ decided on the 

/ % o 
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mdiuH, lli(f tangunt distaiuTH 
are coinptited by equation 0, 
and, then the diiTerenees W» 
and Ka can be measured off 
and the PX). and the P.T. arp 
thus o)>tained. As a check 


on the whole work, the curve, run in by .the usual methods, should 
end exactly at B, with the forward taugent coinciding in direc- 
tion with Bn. 


{h) l*oint of ourve, or point of tangent, inaoceesihle. By 
making a diagram of the desired line with its obstmetions, as in 
Fig. 15, the known and unknown quantities are readily determined, 
,a]so their geometrical relations. Por example, in the illustration 
I the position of Y (on the ground) is known, as is also the distoueh 
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A V. Then 'tlie romjmted position of A is known. Assume some 
angle a such that 

li vers a - - A# ~ nv = 



where h is in an accessible jjosition. 
Then 

ftH = ajp = R sin a ^ 

and n and // can be located on the 
ground. Then, setting np a transit at 
and turning frotn the line up an 
angle of a, the tangent is determined 
and the remainder of the curve can be 
run in as usual. If the P.T. is inac- 
cessible, the curve may be run in to 
some point 7>/, from which, by similar 
calculations and tield work, the point no is obtained, from which 
the tangent cun bo continued. 

(c) Middle pmi of cy//w ohi<ti*uctrtf. The curve may l>e 
run as usual to some point // (Fig. !<)) which should preferably, 
although not necessarily, bo an even station. At n a chord vm 
may be run which wdll clear the obstruction. The angle between 
nni and the tangent is one-half 
the angle iiH^asured by the arc 
nn}. From equation 7, the 
length of vvi may be computed 
and then measured off, thus es- 
tablishing the point 7U, from 
which the remainder of the 
carve is easily run in. As an 
ilhistration of the elasticity of 
this general method, it might 
under some conditions be easier 
to run the dotted curve having 
the satne radius as the required 

v*arve could then be found by Using the same geometrical principles 
used in §26 if. 

28. Numerical Examples*^ All problems have hitherto been < 
80 very simple that nothing has'^Wen said about the details of solv- 


J 

•S', "x 
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ing numerical problema. Bat as problems become more compli- 
cated, the greater becomes the valne of a systematic method of eoln- 
tiou, \rhicb may l)e readily reviewt*d, oliecked and studied for the 
discovery of a possibh* error. Ijogari thins should almost invariably 
be used for multiplication and division, for they are great lime- 
savers. Even if the student is unaccustomed to them, it pays to 
becom% familiar with them. Such methods will be' used in the 
following solutions and the student is urged to solve all such 
problems similarly. 

1. In a case similar to that sketched in Fig. 14, ab was 
measured as 476.35; the angle was measured as 24" 18', and 
the angle VAtf 34' 22'. The curve is to )m» a 3 30' curve. Its 
radius is therefore 1037.3- A — 24'’ 18' 4- 34 22' — 58' 40'. 
('umpute and h\i. 

11 (3 ' 30') 


Equation 0. 


tfOffiirlt.bmii. 

3.21412 


, sin 34’ 22' 
nV ah 


sin 24 18 

*V = af> .—rua tiv 
sin 58 40 


tan A = tan 20 ' 20' 0.74 00il 

♦ J = 020.04 2.'.>0381 

ah 470.25 2.07783 

log sin 34' 22' 0.75105 

co-log sin 58 40' 0.00830 

aY rr 814.74 2.4J>705 

Tan A V = 020. 'A 

f/A = 005,30 

ah 470.25 2.07783 

log sin 24''* 18' 0,01438 

co-lug sin 58“ 40' __O.W584« 

AV = 220.45 2.80008 

Tan BV = 020.04 

7/B = ^KUio 


8. Example as in Fig. 15. D = 3“ 20'. A = 28“ 40'. It 
ia estimated that at r, 180 feet back from V, the line np will prob- 
ably clear the obstruction at A; is the difference between ISO 
and thecompnted tangent distance AV ; na -f- R as gin a. Then 
np as py s B vers a. Locate n by the offset pn, and make a 
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similar offd^et at v/. If this line does not clear the obstruction, 
another value of a (probably greater) sboiild be assumed and new 
values for Av an<l vih coinputeil. ("oiripute the numerical values 
as above. 

29. Modifications of Location. Only a few of the very 
many changes which are at times required will here Ix) given. 

They are all solvable by a few principles 
of geometry and trigonometry. The oc- 
casion for many such changes is the ad- 
justment of the inaccuracies of a j)aj)er 
location.” 

(7) To wove thvfonrard tangent par- 
all el to itnelf a dhtanre the rad i am 
re al a / a S n g amdamged. See Fig. 17. 
Every point of the curve is moved par- 
allel to the first tangent a distance AA! — 
BIV rr V V' (HV. 



AA' = 


VSn _ .e 

sill HR' sin A 


(II) 


(^) To move the forward tangent to itmelf^ the 

point of earvatare remaining anehanged. Since the central 
angle (A) is unchanged, the curve and all its parts are simply 
enlarged or reduced according to some ratio, 
as is apfiun^it from Fig. IS. The known 
quantities are the change in the tangent u** 

(^or .r"), the central angle A and the original 
radius R. 

VV' 

sin//\ \ Bin A ' 

Tilt'll the new tnngeut distance AV'==AV 
+ W'. The triangle lieing similar Fig- 

to the trian^ AO' B', is isosceles and Bin 
= B'»J. Then the new radius- 

B' R + »«B =11 + = R H ^ ( 13 ) 

vvgik B'wB versA ' 
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The modifications of this Bolution« when the tan^nt is moved 
toward the center, are very simple and are appartmt from the figure. 

(tV) To change the dlrcctSon of the focahunl tangent at the 
jioint of tangenag, Tlie central angle si^aled off from the jmper 
location might have an error which 
would l>e lK*8t corrw'tetl by this means. 

Tliis solution is but one of a large class 
in which the central angle is modified. 

The reejuired chajige (a) in the central 
angle is one of the given quantities. 

R, A, AV and RV are also known. 

In Fig. 10, A' =r A - a; Rat = 11 vers 
IJx r.=: li' vers A' 




vers A 
'vers (A - a) 

Also, since A/r = It sin A and A*m 


( 14 ) 



ir sin A', we luive 


A A' --- A'm ^ Aa It' sin A' - 11 sin A (iS) 


JO. Examples. 1. (t iven a 4 20' curve with a central angle 
of 18^ 28'. It is required to move the forward tangent |>ai'allel to 
itself 12 feet. How inncli is the change of the P.(\ (the distance 
A A' in Fig. 17) ? 



Fig. 19. 


2, (liven the saim* 'urve as aliove, it 
is reejuired to move tlu^ tangt^ut toward the 
center 12 feet, but without changing the 
P.C. What will be tlie changes in the 
tangtmt distance and the radius? 

8.' Given the same curve as above, it 
is required to dhalnlnh the central angle 
by 0" 22\ blit retaining the same P.T. 
What will lie the new radius and the change 
in the P.(\J 


COMPOUND CURVES. 

3tm Definitioii. Compound curves consist of a succession of 
.two or more curves of different radii which have a common tau- 
gent where they meet. They may be laid out by tlie same method 


ee 
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as rttrvos, ])nt tliere are certain geometrical relations exist* 

iiig hctweeii tlie parts of a compound curve which greatly facili- 
tate the computations, eH|>ei‘iaIly when any modilicatiaiiS are 
required. In the following demonstrations lij and will always 
represent the smaller and larger radii respectively, no matter 
which succeeds the otluT. A, and will always represent the 
corresponding central angles. Although is always larger than 

U,, A. may or may not he larger than A,. is always adjacent to 

the larger radius and is always larger than T,* 

32. Mutual Relations of the Parts 
of a Compound Curve of Two Branches. 
The curve is illustrated in Fig. 20, in 
which ACj and OB are the two curves 
with radii of II, and R, resjjectively. 
Therefore by the above definitions the 
other functions are as indicated in the 
figure. Produce the arc AC until the 
angle CO, x -=• A_». Then, by similar 
triangles, the chord CV produced must 
20 intersect B. Also, if ,/»/ is drawn parallel 

to ('()., it will e(]ual and the angle 
.r/B will equal A . Then draw Av and .//• ])erpendicular to O, or. 



.r/B will equal A . Then draw Av and ])erpendicnlar to O, x. 
Then 

B/’ - ,vf vers .rfB It,) vets A 

.fK r- AO, \ers AO,,r ~ It, vers A 
^ AV sin AY f/i =- T, sin A 
Ai/t = B^* + iCS 

T, sin A ~ R, vers A f (R^ - It,) vers A. (^i6) 

By drawing a few additional lines in Jthe figure, it may similarly 
Ix^ provixi that 


T, sin A ~ Itj vers A 


It,) vers Ai 


By ulgehraic transformation w’e may derive from equations IdxW 
17 the following useful relations. The details of the derivatifti^ 
these equation « is suggested as a pofitahle exercise for tlielthdent^ 

' vers (A - A,) ' ^ ^ 
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P _ T, Bin A vera A, - T, sin A (vert A - rertf A,") . . 

’ ~ vers A7’^er8 A, - (vers A - vers A,) (vera A - A,i 

33. Modiflcstions of Location. As in § 39, only a few of 
the most common modifioationa will be'here illnatratod. 

1. To move the forward tangent ^ 

parallel to itself, but without ehanging 
the r^ii. From Fig, 21 we derive 

X = Op - OjV =■ (Itj - R,) CO8 Aj - (Rj 

- R,) cos A/f from which 


cos A/ C08 Aj - 


R,- li. 


(ao) 



Fig. 21. 


Fig. 21 shows the tangent as having been 
moved outtrar<l\ in such a case the P.O.C\ 

(which means the ** point of compound 
curvature*^) is moved hi^hward along the 8harj)er curve. If it is 
desired to move the tangent toward thecfuiter, the re(|uired equation 
may l>e found by transfKising A, and A/ in e()uation 20. But in 
this case the sharjwr curve must l)e extended and the must 

Iw moved forward. 

In case the larger radius comes first, the figure is apparently 
quite different, although a little study will show that the same 
principles apply. From Fig. 22 we derive 

;r C), V ~ = (R, - R,) COB A, - ( It, - R,) 

cos A, from which w^e have 



cog A/ --^cusA, -f j— -p 


(ai) 


Fig. 22 shows the tangent as having been 
moved outw<ml\ in such a ease the P.0.0, 
is moved fonoard along the easier curve 
which is extended. As before, if the tan- 
gent is moved inward^ transpose A^ and 
A/ in equation. The P.O.C. will then lie 
curve. 

(f) To clutJige tfhe radim of mie of tive carmn without 
, oho^nging either tangent. The requirements will be apparent 
fnwa a <^paper<** solution. In Fig. 33 assume that the longer 
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radius, which 'comes first, is to Iw shortened by an amount equal 
to Tlie new center O' must lie somewhere on the arc whose 
ccntei;^ is O, and whose radius is 0 ,a. It also must lie on a line 
which is parallel to AV and distant from it by R/ which is equal 
to s-l’.(\r. With ()/ as center, draw an arc from 0, to «i'. 
With Oj As eehter, draw an arc from O, to tn. It may be proved 
that 7/uii' is prallel to AV. Draw the line 0,»4 perpendicular 
to AO . 


w// — (II^ - li,) vers A^; ni'u' — (11/ -11,) vers 


vers A' vers A. 

' (It, - It,) 


(aa) 


AA' — <),« <),//' — ;lt ll,)sin A_ - ( It/- lt,l sin A/ (a3) 


34 . Examples. 1. A 5 IlO' curve with a central augloj^ipf 
16" 22' has a tangent distance of 1800 feet from the P.C. to the 

vertex. At the P.(\(\ the curve 
com|M)nn(ls into an easier curve. 
The total central. angle is 30° 18'. 
What is the radius of the easier 
curve, and what is tangent dis- 
tance ? 

Aimn'tr. The given quantities 
aie K, the radius, A„ A, and 

T,; the required quantities are R, 
and T,. Jly substituting the known 
quantities in equation 18 and then 
the computed valve of li, in equa- 
tion 17, the required quantities are 
found. The «tudeni hlumld ]ierform this numerical work. 

2. A 2 'tW curve 450 ft*et long runs into a 5° 30' curve 260 
feet long. It is recjuirtHl to move the forward tangent in 6.4 feet, 
but witliout changing either radius. Required the change in die 
P.t\(\ ( 'omuu hL Tlio solution evidently requires the indicated 

modification of ecpiation 21. It.shonld lie noted that a pj^tical 
solution always requires that the resnlthig value of the cosine shall 
be less than unit}, which means that x can never be greater tbaf 
(R, - R,), and also means that the sum of the cosines of the 
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ori^nal angle and its modified angle shall be less thaii unity. The 
linear change in the P.C.C. may be found by the formula 

Linear change = (angular change in degrees) 

* X (radius of curve) X 

8.^ Assume the same curve as in example 2, .but that it is 
requin‘d to change the 2^ 80' curve to a 2’ curve witliout changing 
the tangents. Comnient, Fig. 23 may l>e made to apply by 
transposing the neiv and old larger radii, and their corres|:K)nding 
central angles. Note that when such changes are ^made in e<]ua- 
tion 22, the equation is unchanged. The effec.t on equation 28 is 
merely to change the algebraic sign, which means that the 
is moved htu’^l*wanl instead of forward. 

4. Draw a figure corresponding to Fig. 28 but showing a 
change in tlie smaller radius 11,. 

TRANSITION CURVES. 

• 

35. Transition Curve Systems. General Uft(\ When a tniin, 
or any other mass, is in motion it requires a definite force to make 
it move in a curved patli. If the two rails of a railroad curve arc 
level transversely, this centripetal force can only be fumisiied by 
the pressure of the wheel flanges against the outer rail. To avoid 
such a dangerous pressure, which w^mld make hij..;li sjieed intprac- 
ticable, the outer rail is made higher tl{S^n the other. But it is 
manifestly impracticable to suddenly raise the outer rail at the 
beginning of a curve and lower it as 8ud(\enly at the end of the 
curve. ITiere must be a ^‘run-oflP’’ of considerable length. If 
this ran-off were placed exclusively on the tangent, there would 
be an objectionable jar because the cars were ti[)ped on a straight 
track where there is no com[)eii8atiiig centrifugal ^orce. If the 
run-off were entirely on the curve there would be a jar, WanBe 
th^^ntrlpetal force would not bec!onie fully developed at the be- 
ginning of the curve; and, therefore, a transition curve is uschI at 
the beginning and end of the curve. The transition curve is one 
whose i^Tte of curvature gradually increases from nothing to the rate 
otthe central part of the curve. If the super-elevation of the outer 
is begun at the beginning of the transition curve and is grad- 
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nally increast^d as the curvature increases so that the proper suf)er- 
elevation is attained at the end of the transition curve where the 
regular curve commences, tlien the theoretical requirements are 
satisfied. Rut there is another important reason for transition 
curves. On a curve the bogie trucks of a car make an angle with 
the axis of the car. If there were an instantaneous change from 
a straight track to the full degree of curvature the change o^ posi- 
tion of the truck would need to be accomplished in the time 
required for its train to run the distance betw^een the truck centers 
of a car. For a high-speed train this distance «>woukl be covered 
in less than a^ second. On a transition curve this change of 
f)osition is accomplished gradually and without jar. The amount 
of the requirtnl super-elevation will be discussed in the following 
sections. 

Varieiifs of Cimes. A theoretically exact transition curve is 
very complicated and its mathemutu^al solution very difficult. 
Many systems of curves have been proposed, all of which are objec- 
tionable for some one of the following reasons, as stated in a report 
by a Coininittee of the American Railway KnginctTing Association. 
“(1) If simple ai)proxiinate formulas were used they were not 
sufficiently accurate. (2) Accurate formulas were too complex. 
(3) The curve could not be cxpresstxl by formulas. (4) Formulas 
were of the endlc'ss series class. (5) Complex field methods were 
required to make the field wi>rk agree wdth formulas with spirals of^- 
large central angles.’’ Tlie (^ominittee then dev(»loped a method 
which gives results whose accuracy is beyond that of the most care- 
ful field w^ork and yet w Inch is sufficiently simple for practical use. 
The mathematical development is too elaborate to be detailed here 
but the working fonnula-s, together with a eondemsation of the 
Tables w'ill be given, together w ith an explanation of their practical 
use and application, \Vith examples. 

The general form of these curves, wdiatever their precise mathe- 
matical character, is^ shown in Fig. 24. AVB are tw^o tangents, 
joined by the simple circular curve ACB, having the center 0 . 
Assume that the entire curve is moved in the direction CO a distance 
(Xy — C("':=:RB'=AA'. At sofne point TS on the tangent, the 
spiral begins and joins the circular curve tangentially at SC. The , 
other spiral runs from CS to ST. The significance of these symbola 
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may be readily remembered from the letters; T, S,«and C signify 
tangent, spiral, and circular curve; TS is the point of change from 
tangent to spiral, S(^ the j:K)int of change from spirad to curve, etc. 
At the other eiul of the circular curve, the letters are in the reverse 
ordtT, the station numbers iiuwasing from A to li. The meaning 
of ea(*h of the various symbols used is plainly indicated on the 
diagram, Kig. 24. 

The length of a sj)iral can only b<' computed on the basis of 
c*ertain assumptions as to the desired rate of tipping the car, so as 
to avoid discomfort to passengers, and of course this depends on the 
expected velocity. There is 
also a limitation since thc^ 
sum of the two spiral angles 
cannot exceed the total ct‘n- 
tral angle of the curve. The 
minimum Icngt lis recom- 
mended are as follows: 

On curves w’hi(*h limit the 
speed : 

(5® aial over, 240 teet 
less thari 0®, 5^ X speed in 
^ ra.p.h. for elevation of S 
inches 



On curves which do not limit 
the speed : 


Fig. 24. 


.»() times elevation in inches, OR 

§X ultimate speed in rn.p.h. X elevation in inches 

For example. (1) 5® curve w'hich limits spee<l; speexl limit 48 
rn.p.h. by inter[x)lation in table, §41; 4SX5J=250 feet minimum 
length. (2) 3® curve; maximum opt^rating speed GO rn.p.h.; super- 
elevation .62 feet = 7.44 inches; 30x7.44= 223.2 feet; OR, 3X60 
X 7.44 = 297.6 feet. Of course the higher value should be used, or 
say 300 ft*et as the minimum length. While it is generally true 
that the longer transition curves give easier riding, the spiral must 
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not reach the center point of the curve. Since it is approximately 
true that the spiral extends for equal distances, on each side of the 
original point of curve, if is nearly true that two spirals, each having 
the same length as the original curve, would meet at the center. 
The length of a spiral should in general be far less than the length 
of the original curve. 

36. Symbols. Besides the symbols whose significance is clearly 
indicated in Fig. 24, the following are defined: 

a — ^The angle between the tangent at the TS and the chord 
from the TS to any point on the spiral. * 

A — ^The avgle between the tangettt at the TS and the chord 
from the TS to the S(^ 

h — ^The angle at any point on the spiral between the tangent 
at that point and the chord from the TS. 

B — ^The angle at the between the chord from the TS and 
the tangent at the S(’. 

I) — ^The degree of the central circular curve. 

A — ^The central angle of the •original circular curve, or the 
angle between the tangents. 

0 — ^The central angle of the whole s])iral. 

01 — ^The central angle of the spiral from the TS to the first 
spiral point. 

k — ^The iuert^ase in the degrt'e of the curve per station on the 
.spiral. 

li — ^The length of the spiral expressed in feet from the TS to 
the SC. 

a — ^I'he length of the spiral in stations from the I'S to any given 
point. 

, S— The length of the spiral expressed in stations from the TS to 

these. 

37. Deflections. The field formulas fur deflections are baaed 

on the following two equations ''' 


a—U)ki^ minutes=-^i 

O 


a = lOirS^ minutes = 

o 


The first deflection minutes. But k is the increase in* 
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degree of curve per station and since the degree of cdrve increases as 
the length A=D-7-S, S being 'expressed in stations. For point 1, 

since 8 = 10#, «i = 10 (^)**“^^** which may be expressed as the 


degree of curve times the length of the chord in stations. For 
example, if the spiral is 400 feet long (L=400 and 8=4) and runs 
on to a 5“ curv'e (D =.5), one chord is 40 feet long or # = .4 stations. 
Then ai=5X0.4=2 minutes of arc for the deflection for the first 
chord point. And since the deflections are as the square of the 
number of stations, the deflections from TS to succeeding stations 
will be 4, 9, 16, 2o, 30, 49, 64, 81 , and 100 times 2 minutes, as shown 
in the seamd vertical column of Part A* of Table IV. The last 
deflection A = 100x2' = 200'=3“ 20' = ]KlO‘’) = which is the 
total central angle of the spiral. This result also checks the general 
efjuation 


8ince 


/.S» 1)8 kU 1)L 
' 2 2 20(KK) 200 


The deflections from any point of the spiral to any other point, 
either forward or backward, may be found by irultiplying the value 
of a\ (in this case 2') by the coefficients in the propcT vertical column 


. ' U V 

of that table. The values of the ratios and p for even degrees 

Ij 1 j 


(] X Y 

and for A, and j- for half degrees are given in Parts B and 

Lt Li Mi 

C, Table IV. 

38. Insertion of a Spiral between a Tangent and a Circular 
Curve. In Fig. 25 it has been necessary to make the distance 
MM' about 100 times its real proportional value in order to make 
the illustration distinct. The curve AMB is a simple circular 
curve joining the two tangents, such as would be used without 
spirals. If a suitable spiral is started at a suitable point Q, and 
run to some point Z, such that the total central angle of the spiral, 
equab the angle ZCFN of the curve, and then the drcular curve 
having a common tangent with the spiral at Z, is run to Z', from 
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which a amilar spiral is run to the 
tangent at Q', such a combination of 
curves will give the desired result. It 
is now necessary to compute the di* 
mcnsions required to accomplish this 
result. The intn)duction of the spiral 
has the effect of throwing the Curve 
away from the vertex by the amount 
MM', which we will call m; it also re- 
duces the central angle of thg circular 
curve by 20. ZK is the y ordinate 
of the chosen spiral and QK the .r 
ordinate. 

A'N = ,v— R vers 0. 
Therefore, 


,„=mm'=aa'=biv= 

COS i A cos I A 


(24) 


NA^ 


:A.A' sin -~A = (.v— R vers 0) tan -^A 


VQ =QK- KN +NA+.AV 

=.r— R sin 0-|-(//— R vers 0) tan "-A+R tan-^A 

R sin 04-y tan -^A-|-R cos 0 tan h (25) 

As a numerical solution of any problem will usually involve the 
determination of the value of A'N, equation 2.5 may be reduced 
from four terms to three as follows: Transform the equation above 
equation 25 to read 

VQ=j‘+R (tan -^A— sin 0)+A'N tan (26) 

VM' = VM-|-MM' = R exsec Ia-I— (27) 

2 (*os |A ms^A 

AQ=VQ— AV =*.r— R sin 0+ (y—K vers 0) tan -^A (28) 

A 

39. Exanq>le. It is required to join tw'o tangents which 
make an angle of 28® l(i' by a 6® curve terminated by suitable ^inds. 
Assume a KWhord spiral 240 fwt long. Then 


4 


DL 


ex240 


>7® 12' 


200 200 
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From Part C, Table IV, when ^ >=7.2“ • 


^-.998517 

-4(-998517 - .998298) = .9984:10 

0 


X- 

= .998430 X 240 = 2:i9.623 


^ =.040«8H-4 (043581 -.040681) = .041841 

li i> 


Y 

= .041841X240=10.042 



-V A = 14“8' 

2 


(Equation 24) 

R 

Y 10.042 vers*?" 12' 

I^^RArithmii 

2.98017 

7.8{K)82 


7.5:i;5 ‘ 

(U17(5^ 


A'N 2‘5(K1 1 

eos A 

0.:19950 

9.98665 


w = MM' = AA' = 2.587 

0.41285 

(Equation 27) 

H 

• exs<>e 

2.98017 


_8.4W36 


VM = 29.821 

Iff — 2 . 587 

T.474W 


VTVr = 327408 


(E(iuutii>n 2(>) 

nat. tan. =0.25180 



nat. sin 0=0.12533 



0.12l»47 

9.10198 

jr = 2:{9.(}2:{ 

U 

2.98017 

120. S25 


2.0821.5 

( 

s<^! aljove) A'N 

0.39950 


tan-‘-A 

9.40106 

0.632 

AN^ 

9.80a56 

VQ=361.080 

II 

2.98017 

(Equation 28) 

tanlA 

9.40106 

240.564 

AV 

2.38123 

AQ= 120.516 

4» 
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40. Inseftion of Spirals in Old Track. An engineer fre- 
quently has occasion to insert spirals in track which was not so 
laid out. The simplest method from a mathematical standpoint 
is that given in the two previous sections. But this would involve 
moving the whole track for the entire length of the curve, and 
also, since it is apparent from Fig. 25 that 
the new line QZZ'Q' is shorter than the old 
line QAMBQ',the method will involve rail 
cutting and the boring of holes for track 
bolts. The following method makes a 
slight sharpening of curvature of the mid- 
dle circular section, which at the center is 
slightly oittHule of tlie old track, and so 
crosses the old line that the lateral devi- 
ation from the old line is always very 
Fig. 2C. small and the length of the new track 

ncerl not dilTcr ap|>reciably from tliat of 
the old. The method of solution Is 'indicated in Fig, 2(5. 

O'N =R' cos ^ + 2 / (This shows more clearly in Fig. 25.) 

O'V =0'N8ec-iA 

= U' cos ^ see “A +y see -^A 

/h = MM'=MV-M'V 

= 11 oxsee -J-A -R' cos 0 s<‘e -^A st!e ~ A+H' (29) 
AQ=QK-KN+NV-VA 

H' sin <l> + (11' cos <l> + y) ton —A— H tan -^A 
-j— R' sin + R' cos ^ tan i-A- (R-i^) tan -^A (30) 



The length of tlic old line fn>m Q to Q' 


2AQ+l()0j|. 


The length «f the new line fronj Q to Q'=2L+1(X) 
in which L is the length of each spind. 


(31) 
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41. Example. Assume that a track has been laid with a 6* 
curve for 39“ 50': It is desired to insert suitable spirals without 
altering the length of the old track. Solvtiun. Unfortunately 
there is no method of solving this pr»>blem so as to obtain directly 
the revised value for the radius: The new radius will always be 
about 5 per cent shorter than the old. The larger the central angle, 
the Jess will be the different'e. The only method is therefore to 
assrune a value for R', solve equation 30, and then compare the 
lengths of the new and old lines. If the difference is so small that 
it may be neglected, the problem is solved. If not, a slight modi- 
fication of the new radius, such as experience in tb<‘-se computations 
will suggest, w'ill usually give on a second trial a value which is 
sufficiently close. As a first trial for the above numeri<-al case, we 
will assume a 0“ 20' curve for the new curve, and a 240 ft. spiral 
whose ^ — 7“ 30'. t = 239..')80 and y=10.t*(). 

lifigarithnui. 

a- = 2.39 . .380 R' (0“ 20') 2 . 9.3071 

9. 1214 1 

119.709 2.07812 


325.009 


.504.049 

402.019 


342. 310 
402.019 


AQ^102.030 

The length of the old curve from Q to Q' is 


lOoA. 


TOO 


39.83.333 


2AQ= 2X102.6.30 


H' 2.95071 
cos 7“ 30' 9.99617 

tan 4 A 9.5.5909 

2.^11hW 

11=9.5.3.37 
//= 10.00 

944.77 2.97532 

tan :Va 9.55909 
2753442 


663.889 


2a5.260 


869.149 
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The length of the new curve from Q to Q' is 


KK) 


A-24> 
IV " 


= 100 


:}9. 8333“ - 15.2*’ 
6.333“ 


388.947 


2L = 2 X 240 = 


480. (KK) 

868.947 868.947 
DiflFerenct' in length = 0 . 202 


When it is considered that in that length of 8l)9 feet there will 
be about 27 rail' joints and that a stretching at each joint of about 
.0075 foot will make u|p for this difference of length, it might not 
be necessary to cut the rails. 

To illu.strate the method of adjustment if a more accurate 
value for II' were required; note that in the above case the new 
curve is too short. If R' is diminished (say from D' = 6“ 20' to D 
=6“ 24'), one term of equation 30 will be increased and one of them 
diminished, but the net change in the value of AQ is 3.403, which 
will decrease the length of the old curve by 6 . 806. But such a change 
in D' will decrease the length of the new line by 6 . 552. 

The revised length of the old line is, therefore, 862.343 and 
the revised length of the new line is 862.395 

The revised difference is 0 . 052 

The new line is now longer than the old, but the <lifference is insig- 
nificant (alwut one fortieth of an inch per joint). By interpolation 
D'=6“ 23' is the better value to use. 

. There is another method of introducing a spiral into old 
tretek without even changing the central j)art of the curve. The 
spiral runs into a curve which is sharper than the original curve 
which then "eoinjwuiids into the old curve. The solution of this 
method consists in so choosing and locating the spiral and the 
sharper curve that it will compound into the original curve. The 
detaHs of this method will not be here given because, although It 
involves less track work at Ae start, it is a more complicated 
alignment to maintain and the method is inferior to the one pre- 
viously giveb. 
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On the baas of D'=6® 20' 

(Equation 29) 

R (6“) 

Logarithms. 

2.98017 

GO. 776 

1 . 

exscc ---A 
£ 

8.803^ 

1.78373 

R' .905.13 

• 


965. 90G 

R' 

2.95671 


cos ^ 

9.99617 


see 

0.02678 

954.255 


2.979(iG 

• 

• 

Iog.r = 

1.02530 


1 * 
sec —A 

A 

0.02678 

11.274 

1.05209 

965.529 965.529 



m - 0.377 foot 



Note that the maximum lateral change in the truck is less 

than 6ve 


inches. 

On many railroads where there lias been no pretense to using 
spirals the track foremen have producer! nearly the SHine result in 
a rough uncertain \vay hy throwing in the curve somewhat near 
the point of curve. This necessarily shaF jiens the curve further 
on, and thus substantially the same iv^ lU is obtained as is 
descrilied above but without any calculations or any tlieoretical 
accuracy. It is only b}'^ such means that a tolerable riding track 
can be produced when transition curves are not used. 

42. Use of Transition Curves with Compound Curves. It 
is shown in the last few sections that the lateral deviation involved 
by the use of spirals is very Hiiiall. Since compmiid curves are 
usually employed only when the location is difficult, it is Viest to 
make the calculations as if no spirals were to l>e uskI, except that 
approximate allowances may Ije made for such lateral changes as 
will be required. Tlien the changes can be computed as follows. 
Theoretically there should he a transition curve T>etween the two 
branches of a eoiiiponnd curve, but when a train is alrctady on a 
curve and the wheels are pressing against the outer rail, it will 
cause but little jar to merely increase the curvature. The intro- 
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duction of such^spirals will not l>e here given. Transition curves 
need not be used in running on to curves which are easier than 
and even 4'’. Tlierefore if one branch of a compound curve is 
of easy curvature, as is frequently the case, it will not be neces- 
sary to use a spiral at that end of 
the curve. Therefore two cases 
will 1)e developed — using spirals at 
one pud only, and at both ends. 

(") Spiml at Oft 6 ettd otihf. 
The method of §38. may be adopted 

by substituting A, for | A in equa- 
tions 2+ to 28. This would move 
the from M to M'. But 

since the two curves to ant be made 
to coincide, the sharper curve will 
be moved parallel to the tangent 
BY a distance of M'M, while the 
unclianged circular curve will Ix^ moved parallel to the tangent 
AY a distance MM^. Calling MM' = we have, Fig. 27, 



M 'M -- MM - 

' ‘ ' sin M,' M,M “ " ■ sin A 

, . cos A, 


cos A.J 
' sin A 


A ^( 32 ) 


It should bo noted that the new P,(). is at A’ and tliat AA' = 
MM*, while the P.T. is changed from B to Q,', which etjnals BQ,- 
QQ’. BQ, is found from equation 28 and Qi'Qi =» Mi'M 4 is 
found from equation 32. 

(ft) ^'pirul ut hoth ends. Applying the method of §38 to 
each branch of the curve in turn by successively substituting A, 

and Aj for „ A, Ave will obtain values for m. and w,. which will in 

general differ considerably. But as l)efore we may move each 
revised curve as shown in Fig, 28 and as computed in equations 
84 and 36. Calling MM/ = and MM/ == and noting 
chat the angle at M/ (see the detail) = 90^ - A„ the angle at M/ 
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=: 90° - A] and fhe angle at M, = A, we have t}ie following: 

M, M, — M, Mj — (/W, - /«,) (34) 


M;M, = M.'M, 


sin (90° - A, 1 ^ cos A. 


sin A 


sin A ' 


Xb in the previous case« the position of the new point of the spiral 
is found in each case from one of the above quantities and the 
change computed from equation 28. Note that in one case the 
|)oint of spiral is moved 
nearer to, and in the other 
case further away from, 
the vertex. 

43a Example, (liven 
H 7’ 20' curve for 21)® 40' 
followed by a 4' 10' curve 
for 2o'^ 20'. Required to 
introduce suitable spirals. 

Using i*quation 24 suc- 
cessively with the tw*o 
sets of figures we obtain 
mi = 5.50(}and7/?2= l.OHO. 

Then (/n 1 — 77 / 2 ) = 3.576. 

Substituting this value in 
equations 34 and 35 we 
obtain Mi Ms = 3.946 and 
Ma'Ma = 3.793. Using 

(equation 28, calling = 





FiK. 2M. 


25° 29', we compute AQ*= 120.7(19. But we must (wW to this an 
amount equal to M *'M| = 3.793, which makes AQ*' = 1 24..')()2. Simi- 
larly, calling -^A* 29° 40' in equation 28, we may compute BQis 


152.444. But from this mast be tnibtrackd Mi'Mj= 3.940, which 
makes BQ/s 148.498. The actual lateral change from the original 
.point M is equal to MMs'+M*'M* sin At =<1.9.304- 1.623 » 3.55^1. 
lie student should verify in detail all these calculaticms. 
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44, Field Work. When spirals form part of the original' 
location, it is a useless refinement to locate all the chord points 
before earth work has been done. It is then sufficient to locate the 
beginning and end of each spiral with perhaps one intermediate 
point in case the spiral is very long. During the n*survey which 
immediately precedes truck work, when the roadl)ed is graded and 
flat, the interinetliate points are readily inserted. Referring to 
Fig. 25, the point Q (or TS) would first be located at a distance VQ 
(see equation 25) from the point Assume, as in iMg. 25, a simple 
curve, C®, with A = 32°, and at each end a spiral 21^) ft'et long. Dur- 
ing the first location of the roail it would be sufficient to locate the 
end of the spiral at jioint Z or S('. Tht; deflection from the tangent 


when the instrument is at T.S and is 


“sighting at” SC is 


1 

5 



/DIA^ 1 /<iX24(t\ 

ViiTKi/ a V J 


= 2 ° .4 = 2°2-l'. 


The ordinate X (QK in Fig. 25) 


is 2.‘}9.()2a and the distance out from the tangent KZ = // = 10.042. 
The total central angle to this point (<l>)=-7° 24'. The trntral 
angle left between Z and Z' ■= 52° — (2 X 7“ 24') = 17° 12'. Set up 
the iiKstrument at Z. 'J'he deflection from the tangent at the point 
occupied when the instrument is at Z (which is here S(') and is 
sighting at Q or TS is B= §<f» = 4° 4tS'. Setting off that deflection 
on the transit so that when the in.strumcnt is turned aroiunl to the 
tangent it shall read 0°, the remaining central angle of 17° 12' can 
lie laid off in the usual manner. xVgain sitting up the instrument 
at Z' (w’hich is jHiiut CS of that spiral) the point Q' or ST is located 
with the same deflection (4° 4S') as the back .sight from Z to Q. 
'I'he distance from Z' to the tangent VQ' is liki'wise the same as 
ZK = 10.042. 

When the intermediate points are to be located, the transit is 
set up at and the })oints are locatcsl by chord lengths of 24 feet 
and with deflections to the various points as given by multiplying 
(which =t>X. 24= 1.44 minutes of arc) by the factors in the 
column under TS. When the circular curve ZZ' has been located 
and the transit set up at Z' and oriented so that it will read 0° wffien 
sighting along the tangent to the curve at Z', then (using the deflec- 
tion factors in the column uiuler SC) the deflection to the point 
9, 24 feet away, is 29X1.44' =41.76'; to the next point 8 it is 56X 
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*1.44'=80.(M:' = 1® 20.64'; the peints 7, 6, etc. are found similarly; 
to the point of tinigency Q it is 2(K)Xl.44'=288' = 4° 4S', aa given 
before. Then the transit slmuld be set up at Q' and back-sighted 
on Z' with a reading of 2® 24'. If the vertex of the curve V had 
already bevn previously located aind tlie field work is accurate, tiu' 
sighting on V should be (f. Also the reading on any other point of 
the sinral may be computed froiti the column of <‘(H'fficlents uiulcr TS. 

It sometimes biH'omes necessary to set up the transit at some 
intenne<liate point of the spiral, as the point With the instru- 
ment set up at .‘i use the ccM‘fIicients iiiukT the column d in the 
table, orienting the transit by a sighting at any known point with 
the transit sc‘t at the given deflection for that point. Then, when 
the teh'seope is turned to 0°, the transit will lx* sighting along the 
tangent to tlie curve at the point If and the <leHection to any other 
point, forward or backward, will be as given in that column by the 
coefficient times oj. 

It may be noted that the deflections are given to fractions of a 
minute of arc, w4iich is of coursj^ very much closer than an ordinary 
transit can be used. But the location of spirals demands the clost\.t 
work attainuble with the ordinary fl<*ld transit; and even though 
tlie transit is only graduated to single minutes, a fraction of a minute 
can be estimated when setting the vernier of a good transit and 
then^fore the ])recise angles are given so that ihe closest attainable 
value of the true angle may be set off. 

VERTICAL CURVES. 

45* Reasons tor Use. Although the change of direction of 
motion duo to a change of grade is never as great as that of an 
ordinary horizontal curve, yet it is as nm^ssary in one case as in 
the other to 'join the two grade lines by a vertical curve/* As 
in the case of horizontal curves, there is nothing wliich absolately 
determines the rate of curvature. When the grades intersect over 
a summit a coinjmratively short curve is [lermissible, but when 
passing through a sag the upward bend of the track acts as a 
literal obstructiou and therefore a much longer curve is necessary. 
Some roads adopt some uniform distance, such as 200 feet each 
side of the vertex, as the length of all such curves, re^rdless of 
the change in the rata of grade. A more logical method is to 
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make the length a function of the change of grade. A very eoin- 
inoii rule is to make the length 100 feet for each tenth of one per 
cent of change of grade. For example, a one per cent grade 
descending into a hollow is followed by a 1.2 ptT cent grade climb- 
ing out of it; what should be the length of the vertical curve at 
the sag? The t^hange of grade is the numerical sum of the grades 
or 2.2 per cent; therefore, by the above rule the length should Ife 
2,200 feet. Such a length is excessive, but such a change of grade 
is also somewhat unusual and hardly to be found where the speed 
was high. For lower B|)eed such a long vertical curve is not 
essential. 

46 . Qeometrical Form of the Curve. The method of lay- 
ing out such a curve is illustrated in Fig. 20, in wdiich the grades 
are exaggerated enormously. The curve begins and ends at equal 

distances on each side 
of the vertex B, as at 
A and C. In the fig- 
ure join A and C; bi- 
sect AC at c, join B 
Fig. 29. and and bisect He at 

//• It may be proved 
mathematically that a parabola may be passed through h and tan- 
gent to A Band BC at A and C, and also that at f///y point, as at?/, 
the distance to the tangent (////) is pro[>ortional to the ignore of the 
dfstance from A. Expressing this statement algebraically, we have 

But since, in any given case eh is a constant and (A«)’ is a con- 
stant, vre may say fur any one curve that the correction from the 
straight grade line to the curve equals a coixstant times the square 
of the distance from one end of the curve. 

47. Numerical Example.- Assume th&t the intersection of 
the grades B comes at Sta. 15 + dO; that the grade AB is - 0.6 
per cent and the grade of BO is + 0.8 per cent. Then if we 
adopt the mle of 100 feet lor each tenth per cent ofltshange, the 
curve must be 1,400 feet long, must begin at 8ta. 8 + wid 
extend to Sta. 22 + 40. Assume that the elevaticm of B is' 
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*162.50; then the elevation of A U 162.50 + (7 X 0.6) =* 166.7. 
Similarly the elevation of C is computed as 168.1. ^en the ele- 
vation of 6 is the ' mean of these two, or 157.4. B<i is therefore 
= 4.9 and eh = 2.45. Then eh -e- (A<f)* =» 2.45 -i- 490000 = 
.000005, the constant which is to be multiplied by the square of 
tlie distance from A to obtain the correction from the straight 
grade up to the curve. Tlie elevations of the several stations is 
most readily calculated in a tabular form such as is given below. 

A. Station 

8 4- 40,elev. =. lj)2.50 + (7 X 0.6) r.. 166.70 

9 = 1.56.70 -(0.6 X O.R) .000006 X 60» 156.3(5 

10 = 166.70- (1.6 X 0.6) -f .000006 X* 160* = 166.87 

11 = 156.70 - (2.6 X 0.6) + .000006 X 260* = 165.48 

12 = 166.70 - (3.6 X 0.6) + .000005 X 800* r= 155.19 

13 = 166.70- (4.6 X 0.6) -f .000005 X 460* = 16.5.00 

1+ = 156.70- (6.6 X 0.6) + .000005 X 6(50* = 164.91 

15 = 1 56.70 - (6.6 X 0.6) + .000006 X 6(50* = 164 92 


B. Statkin 

15+ 40,elev. 

1(5 

17 

IS 

19 

20 
21 
22 

C. Station 


152.60 + 2.45 

158.10 -(6.4 X 0.8) + 

158.10 - (6.4 X 0.8) + 

158.10 - (4.4 X 0.8) + 

168.10 - (,3.4 X 0.8) + 

158.10 - (2.4 X 0.8) + 

158.10 - (1.4 X 0.8) + 

168.10 - (0.4 X 0.8) -I- 


-- 154.555 
.000006 X 640* 165.0.3 

.000006 X 640* r.= 166.24 
.0(XK)05 X 440* = 166.65 
.000005 X 840* = 156.96 
.000005 X 240* = 166.47 
.000005 X 140*^ 157.08 
.000006 X 40* = 157.89 

158.10 


22+ 40,elev.= 152.60 + (7 X 0.8; 

In special cases it may be more convenient to note that at 
one-quarter of the distance from A to R the correction is of 
eh, at one-half the distance it is of eh and at three-fourths of 
the distance it is 

CONSTRUCTION— EARTHWORK. 

48. Slopes and Cross-sections. The construction of a road- 
bed of sufficient width which is level or nearly so, implies in gen* 
eral cuts and ffils of various d^tfas. An essential feature of the 
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work is that the slopes shall \ye such that the banks shall not give 
way and disintegrate, filling up the the cuts and narrowing the 
tops of the fills. Tlie rate of slope is always* indicated by a ratio 
of which the first nuinlwr indicates the horizontal distance and the 

second the vertical. Frequently 
the second number is made uni- 
formly one and then the firet may 
be a fraction or a coinj>ound num- 
ber. The following slo])e ratios 
will l>e so inditi^ated. Tim rate of 
slope is variable, de})ending on the 
kind of soil. When a rock cut is 
very hard and iirm, a vertical sloj)e 
may be used, although on account 
of seams in the rock which make 
slipping poaflil)le aft(*r tiie rock has begun to disintegrate, the rock 
is generally taken out until the slo|)e will average more nearly one- 
fourth horizontal to one vertical. ^ As the character of the material 
changes from rock to earth, the slope ratio for cut must be flattened 
until f(»r good, firm, loamy 6oilHslo|>eof 1: 1 is projMT. When first 
excavated earth will stand at a much steeper 8loj)e than this, but fhe 




first hard rainstorm will start the disintegration which will proceed 
until the •jloj)e becotnes about 1: 1. And as it is generally cheaper 
to make the required excavation during the original construction, 
the proper slopes should be made then. Some kinds of earthy 
soil, such as quicksand, require even flatter Blo{)e8. Oases have 
Imeu known where a cut has not ceased to slip until it had assumed 
a slope of about 4: 1. The proper slope for a fill composed of loose 
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r^*k, as it is blasted from an excavation, is about 1 : 1, but when 
the side hill is so steep that the slo{)e would be very long, a much 
steeper slojK) may tolerated if some care ie taken to form the 
stones of the fill into a rough dry wall. A fill of earth usually 
^ requires a Blo|)e of 1.5 : 1. If the material of which the fill is 
made is exceptionally soft, 
such as would require a 
very flatslo^^e in cut, then 
a corresjjondingly flatter 
8lo[)e should be made with 
the fills, but in such a 
case it is quite possible 
that it would be ju-eferable to ‘‘waste'’ sticli* treacherous soil and 
make the fill of more suitaide soil, even if it had to be ‘‘borrowed.” 
The following illustrations will show some typical cross- stn^tiona 
in various kinds of soil. 

49. Width of Roadbed. ' A mistaken effort at economy 
will often be the excuse* for cutting down tbe width of roadl)ed to 
such an amount that there is no room for aderpiate ditches in cuts, 
and the deterioration of the track due to lack of drainage is a very 
serious quantity. Even fills are sometimes made so narrow that 
the inevitable w’ashirigdue to (Kvasional heavy rains will endanger 
the stability of the track. A study of the standard ruadla^d cross- 

section : adopted by the 
principal railroads of the 
country shows that tbe 
average width for an 
earthwork cut for single 
track is about 25 feet. 
This includes about four 
or five feet on each side for a ditch. For double track this width 
is increased by alK>iit 13 f<*et, tbe usual wddth between track centers 
for two trairks. The average wddth for the top of a single track 
fill is a little over 17 feet. Hixteeii feet is a))ont tbe minimum 
for good construction. 

50. Constructive Details— Ditches. A w^ell-knowui railroad 
engineer used to say that diUdies were more important than ballast. 

, *A kuik of good ditching will ruin a roadlxnl in spite of the best 
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ballast, wliile a coiiijHiratively small expenditure in ditching wiA 
largely coin [>en sate on a cheap road for the lack of gfjod ballast. 
The bottom of the ditch should be from one to two feet below the 
bottom of the ties. The slojie of the sides should not be steeper 
than 1:1 unless in solid rock. The bottom should he one to two 



feet wide. Sometimes they are made V-shaped, but that shape is 
hydraulically bad and the bottom quickly fills up. Suh-ijtndn. 
The upper surface of the earthwork, commonly called sub-grade, 
is usually made a level plane, but it is preferable to make two 
sloping planes having a crown at the center of about six inches. 
Rolling the sub-grade with a road roller before placing the ballast 
has been specified by the N. Y. Central R.R. When this is done, 
the water that runs through the ballast will more readily run off 
to the side ditches instead of soaking into the sub-soil. If the 
vegetable mould, which is usually found on the surface and which 
is the first of the exc.avation 
for cuts, is laid on one side 
instead of l)eing placed at 
the bottom of the nearest fill 
and is afterw'ard spread on 
the faces of the slopes of the 
cuts and fills, a growth of 
vegetation will quickly start 
up which will save the slopes-from the effects of rain washing and 
will quickly repay the slight additional expense. Even an imme- 
diate sodding of the slopes during constrnction, although it will 
add considerably to the original cost, will usually save innch more 
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that) its cost by a reduction of maintenance cliarges during the 
first few years. 


EARTH WORK-» SURVEYS. 

^ 51. Nature of the Problem. The mass of earthwork which 

, iff removed has an exceedingly irregular form. The surveys have 
the double object of staking out the limits of the earth to lie 
removed and placed elsewhere and also of computing tlie volume 
of that earthwork. Tlie computation of any volume means the 
computation of soine^ geometrical form or combination of forms 
which are assumed to represent with sufiicient accuracy the actual 
volume under consideration. If an approximate result is suffi- 
ciently close^ some simple geometrical form, easily measured and 
easily computed, wull be selecttMj as representing the volume. Hut 
as greater accuracy is mpiired, the more complicated must be the 
form. Some of the faces of the volume are simple and determin- 
ate. Sec'tions are usually taken 100 feet apart and jjerhaps closer 
if the ground is very irregular. Sjiich sections are plane surfaces. 
The side slopes are also plane surfaces. Rut the side representing 
the surface of the earth is actually rough and irregular; usually 
it is* too irregular to l>e considert*d a j)lane even approximately. 
The surf acre line of each end section is considered as a broken line 
♦of one or more parts, and it is generally assmi.ed that plane or 
warjieti surfaces connecting corresponding lines in the end sec- 
tions Avill lie sufficiently close to the actual surface so that the 
error involved will Ixj within the desired limits. It may thus l)e 
^ seen that the accuracy of the coinputation depends not only on the 
accuracy of the mere nuinerical work but even more on the judg- 
merit used by the surveyor in so selecting the {daces f6r the cross- 
sections and the points of any cross-section that the geometrical 
*form asBuiiuMl to represent the volume shall agree wdth the actual 
volume of earth as closely as desired. The survey therefore con- 
sists first in determining at each section the points where the side 
slopes intersect the surface and then the elevation and distance 
from the center of points so chosen that straight lines joining 
ihese points will lie very nearly in the surface of the ground. 

52* Position of Slope Stakes. Tlie slojie stakes are set 
l|fier 0 the side slopes intersect the surface. As seen by tlie fig- 
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lire, tbene intersections dc|)eiid on the elevation of the roadBed, 
which in 'turn depends on the depth of cut or fill. In Fig. 36 it 
may readily he seen that 


-''i = 2 

= \ ^ «<y-yr) 


( 37 ) 



Fig. 36. 

Ill wliioli .V in tlio rtloju^ ratio of tho sicU* sIo[h* 8, hori^sontal to verti-* 
oal. Soo §4S. • 

Similarly it is soon in Fij^. 37 that 



Fig, 37. 

But in oaoli of those equations, both .r and y are unknown quanti- 
ties, and it is impracticable to depend on a strictly niatheniatical 
solution. 11ie simplest method is to find by trial the location of 
points which will satisfy the equiiytioiis. An experienced man wHl 


64 



RAILROAD EXaiNEERINO 


55 


sometimes determine siicb a point in a single trial and generally 
the second trial will be siiffieient. As a iirst approximation, we 

may note that a is at such a jK)8ition that its is ao + w/. 

•The added distance out to /// equals the addf^I drop times a. As- 

* sume that in Fig. iUl, i1 — 7.7, h =: 20 and « 1.5 : 1. The dis- 

tance a<^— 10 + (1*5 X 7.7) = 21.55. But ex[HM*ieuce will 

^ suggest that the requirtnl j>oint /// is tthntf R feet lower down and 
therefore about (1.5 X 8) or 12 fet»t further out. As a first trial 
with the rod, the rod is placed at //', 34 feet out (21.55 --( about 
12), where a rod reading of ( = lO.ti) is found. Suhtnicting 
3,5) we have 7.1, the of that point. Substituting this 
value of yin the first part of ecjuation 37, we compute to he 
32.2. This is the jK)int // in Fig. 30, at a distance a?" (which is 
less than u*) from the center. This shows that even 32.2 is too 
far out. Another trial is made at 30.2 feet, where the rod reading 
•is found to be 0,3, which means that the // is 0.3-35 r.- 5.8, 
which substituted in the equation give.s .r - 30.25. This clioc^ks so 
closely with 30.2, that it may Iw considered satisfactory. On 
tough ground it is an utterly useless refinement to attetnpt to do 
worTc closer than the nearest tenth of a fool, for the almost un- 
avoidable inaccuracies will often have a greater effect than a change 

• of even a tenth in such Avork. The above explanation is given 
in detail so as to show the method. Some such method is nec4*H- 
sary for the inex|)erienced man, but c*ven a short e\[K*rienee w'ill 
enable a man to estimate the correction to his first trial very 
quickly and surely so that the second trial* will lai satisfactory, and 
Avithout a detailed solution as almve of all the work. 

In Figs. 36 and 37, the ground has bcuMi shown as having a 
practically uniform slop.^ The determination of the slojie stake 
is not affected essentially by the nature of the ground l>etween the 
center and the slope stakes. In Fig. 42 is shown a more cotnpli- 
cated cross-section in which the elevation of each intermediate 
{K)iiit above the roadbed and its distance from the center must be 
measured. These are determined by setting up the level so that 
it is higher than any point in the cross-section and noting its 
height above the 'stake at the center. This rcxi reading added to 
•the given center cut d gives the height of the instrument above 
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the roadM. This is called the H.I. Subtracting the rod read- 
ing for any point from the II. I. gives the height of that point 
alx)ve the roadbed. In the case of a -fill, which may be illustrated 
by turning Fig. 42 upside down, the level may be either above or 
below the roadl*ed. This modifies the above rule somewhat, but 
the same principle applies — determine the difference of elevation 
of each point of the surface of the ground and the roadtied. 

COMPUTINa THE VOLUME. 

' 53. Common Methods. Sometimes an approximate com- 
putation of the volume of the earthwork is made from the work 
of the preliminary survey, so as to get an approximate idea of the 
amount of earthwork on a route, arid therefore its cost. To do 
this, a more or less approximate measure of each cross-section is 
taken and then the distance l)etwc<en any two cross-sections is 
multiplied by the half-sum of the two areas. The snm of all such 
products gives the total volume. Such a method is mathematically 
inaccurate, but the approximation in the cross-sectional areas, and 
some other reasons, will probably introduce still further inac- 
curacies. These various methods will 1 h' described in the order of 
increastii); accuracy. 

54. Level Sections, From Fig. 88 may readily !» derived 
the etpiation 

Area (</ r dfi* - (^9) 


If A„ is the area of the initial section and A„ Aj, • A„ be the 

areas of the succeeding and final 
sections, which are at a uniform 
distance ajmrt of /, then the total 
volume will be 

Volume = -|- f [Ao -f 2 (A, -b A, 
•f" * ' + An_,) + A^] {49) 

Of course / is usually 100. The for each section is a constant, 

i 

and therefore the subtractive term is simply this constant mnltv 
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plied by the nrnnber of times the areas are used in the supunation. 

Eseawplv. Given the center heights set down in the 8eiK>nd 
*«olnmn of the tabular fornit Width of roadbed, *20 feet; B]o}ie, 
1.6 : 1. Then d — 0.7. The remainder of the solution is evident. 


rr-:- 
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Outer 

Height. 

A 
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<a t <1>* ^ 

(a t- d)« 

1 


42 

1.4 

8.1 

«5.«1 ! 

08.41 


n(.4i 

4;^ 1 

2.5 


86.40 { 

129.75] 

1 ! 1 


44 1 

4.:i 

11.0 

121 .(Ml I 

181.50 

X 

ii 

m.(Ni 

45 

H.5 

15.0 . 

245, H6 ; 

:Ui5.04 ! 

i 

TM).m 

4« ! 


0.8 

! 

144.06 

1 

144. (W 


ah 


»).7 X 20 

•) 


(57 


H X 07 


15‘.)5.01 

noo. 

Toso.Oi 


1059 X 100 
2' X 27 


- 15W51 cubic yards. 


The above inetbcMl invariably ogives results which are some- 
what Uk) high, for the volume l>et\vet'U two “levid sections” is less 
tban^the length times the mean of the areas. When (he areas are 
e<}ual, the errt*r is zero, bnt it increases as the m/aareol the differ- 
ence of the center cuts, or fills. Rut since s(H'tions are almost 
'never truly level, the assumption that they are I 'vel will usually 
introduce an error largely in excess of the theoretJcal error. Some- 
times the almve method is nstsl, aidisl jwrhaps by tables, l>y taking 
center cuts, or fills, from a profile and assuming that the actual 
volume will be the equivalent of the volutne com])nte«i as above. 
Such method has its value as a means of comj^iariug two routes, 
but the error is apt to l)e very great. 

55* Equivalent Sections. Tlio following method is some- 
times used when the cross-sections are irregular and especially 
when there is disinclination or inability to nse a more accnrate 
method. Each cross-section is plotted on cross -seirtion ]Miper. 
Then a thread (inn) is so laid that (by estimation) it eijualizes the 
spaces above aitd lielow it (see Fig. 39). The distances out from 
the center of the intersections of this mean line with the side slojjes 
' aos scaled from the drawing and are here called and Since 
# is die slope ratio, n = wx-i-in4> — Xf-i- np. Then the required 
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urea equals the area utuop ininua the triangles msOy nps^ and the 
“grade triangle,” which means that 

Area = 

£L£r — 

“IT o 


Note the simplicity of the 
form. When # = 1:1, the 
area eqilals the mere product 
of these two side distances 
minus the constant correc- 
tion The areas l)eing 

computed, the volumes are 
^ obtained exactly as in equa- 

V\g. ;U). tion 40. As in the previous 

• section, it may readily be 
shown tliat the metluKl of averaging end areas does not give correct 
results except in the special case when the distances to the right 
(or to tile left) at adjacent stations are equal, and when these dis- 
tances are nearly equal the error is small. As an approximate 
method, it is very rapid and good. As before, the correction is 
usually iU'fjatfVfy y./ tlie computed volume is too large. 

56. Volume of a Prismoid. 

Fig. 40 represents in a perspective 
view a prismoid, formed between 
two triangles which lie in parallel 
planes. The surfaces which join 
the corresponding sides of the tri- 
angles are, in general, w'arped sur- 
faces. It may be proved that the 
volume of sucli a prismoid equals 

one-sixth of the |)er})endicular distance between the parallel planes 
limes the sum of the tw^o end triangles and four times the middle 
triangle (cut by a plane parallel to the end planes and midway 
between them). This may be stated algebraically as follows: 

m 
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VoluiHo ---- j- 4A„ -1' Aj^ (*42) 

It may also 1)o ]>rov(‘<l that the foriniila holds ^ood regardless of the 
values, relative or absolute, of 4.^, //, or Therefoi’o it holds 
good when -= O, and the prisuioid Woines a wedge. It also 
holds good when botli and become /.eroand the prisinoid liocomes 
a pyramid. Rut since the formula holds good for all these forms 
individually it holds good for them collectively, and since any 
prismoid, having bases of straight lines lying iii parallel jdanes 
and with plane or warped surfaces connecting those ends, can l)e 
considered as made, up of a C/ollec^ion of triangiila** prismuids, 
pyramids and wedges, the formula evidently* holds for such a 
prismoid. 

If, in equation 42, A„, were the mean of A, and Aj, then we 
could obtain the true volume by averaging end areas. Some of 
^he exceptional cases where this is true have already been men- 
tioned. In general it is a complicated and impracticable problem 
to compute the area of the middle* section. But it is quite possi- 
ble to compute the correction which must 1h< applied to the result 
found by averaging end areas, and these methods will lx* used in 
the following more accurate solutions. Applying equation 42 to 
Fig. 40, wo have 


Volume = [ J h, /,. + 4 ( ■ " ) -f | />,] 

But the approximate volume, coinputixl by averaging end areas, is 

> 

Appr. vol. = //, !- - J- Z/j//.) 


Subtracting the approxitnate volume from the true volume, we 
obtain the 

(’orrection — j^(A, - Zi,)J (^3) 

57. Threc-Level Sections. When the ground is fairly uni- 
form so that it may be said without great inaccuracy that it slopes 
oniformly from the center to each slope stake, then the volume 
tqay be computed from the positions. of these three points and the 
sections are called three-level sections.” The area of such a 
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section •,= -f- ^7) '//> - If we consider two such adja- 

(*ont Hectiofis iiiid compute the volume by the Tiiethod of Hveragingi 
end areuH, we will oiitain as the volume 

^ \ [(" 'H -- + ('* + 

Dividing ]»y t27 to reduce immediately to cubic yardtf, we have 
wlien / 100, • 

Vol. ^ 1“ 27 (" ~ ( 44 ) 

When it is*de8ire<l to make tlie computation, still more accurate, 
the jirismoidal co^^’cction may be computed as follows. We may 

compute separately the pris- 
moidal correction for each of 
the two triangular prismoids. 
These two prismoids together 
include the triangular “ grade 
prismoid’’ under the road- 
l>ed, but since there is noju’is- 
moidal correction to the grade 
prismoid, such correction as 
may be computed applies* 
solely to the volume actually 
excavated. e([uatioii 48 to the dimensions in Fig. 41, M’e 

have for the left side 

Fris. Corr. - ^ + ^7') - pf' + </")J which 

nnliu'es to (//' - (f*) ^ u\) 

For the right side, we may compute similarly 
T'ris. Corr. ---- ~,j (,r - ,/") - yr,') 

For the two triangles vre have 

Pris. Corr. =■-: j^(y7' - yr)[«' + yr,") - (yc,' + tfl/)] 



= jJT (w" - »«') 


70 



RAILROAD ENGINEERINO 


01 


Making I ■--- 100 and dividing by 27 to mimw to cubic yafda wo have 

PriB, Corr. = (//' - «/") ( >r" -w) ( 45 ) 

An inspection of equation 45 will show that if either the center 
cuts or the total M'idths at two iCdjaeent sections are equal or nearly 
sOy the prismoidal correction is zero or is so aniall that it may he 
neglected. This frequently enables one to decide that the pris- 
iiioidal correction will evidently be so small that it will useless 
to coirtpute its exact value. * It usually happens that when </* > 
ir is also greater than ir\ This means that the correction com- 
puted from equation 45 w’ill usually l>e which means 

that for three-level sections the results computed by averaging end 
areas will usually be too large. 

A very great economy of time and accuracy result from tabu . 
lating all the coniputationa in earthwork. Such work can be 
, readily reviewed to check it or to discover a suppoatHi error. An 
illustration of such a solution is given below, 

58. Numerical Example. 


HtS. ivnter.l I-efi. | Hlglit. 


52 

li.ir 

9.6 

20.4 

i,2r 
18. H \ 

Tv'i 

0.7 c 

WAV 

4.2C 

29.1 

iH.8 

54 

10.6 C 

15.0 C 
55.4 

7.8(’ 

2:^.7 

1 

1 c c / « 

19.0 

10.6 C ; 

-f" oo 

10.0 V/ 

40.6 j 

"27.9 , 

55 1 

8,7 0 

12.4 cl 
80.6 '1 

5,8 C 1 
20.7 1 


Roadbed 24' wide in cut. 


Slojje 1.5 : 1. 



24 ^ 
3 


a f <1 i 

W 

} Yards. 

i 

‘ (C d” .w" ; I***!*' 

j ' " ' j forr, 

11. 1 

40,2 

! i 
! 

i 

j 

< * 

: i 

14.7 i 

i 

1 47.4 

i 

1 «45 

702 , 

-3.« '-J 7. a; 8 

1 

18.0 

1 59.1 

' 1018 

\ 

1807 1 

-«.« 4 - 11 . 7 ! -14 

2;^.t5 

68.4 

1 1488 

1 

1897 ; 

1 

4.» -f 8 . 3 ! - 8 

10.7 

i 

! 51 8 

i 

7»H 

674 

1 

+«.8 -17.1' -13 

Appnjx. V 

ol. = 

4080 

-44 


Pris, corr. ^ —44 
True voL =• 4041 


= 178 


0 fVT’* 

In the above form, in tlie third (tolnnin means that the Blope 
’ 26.4 * 

*atake on the left side of Sta. 52 is 6.0 feet aimve the elevation of 


n 
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the romih^d which is liera C; also that it is 20.4 feet out 

from the center. This notation is also used to indicate the posi- 
tion of intermediate points,’’ the numerator of the fraction giv- 
ing the deptli of cut or till ((? or E) and the denominator the 
distatu^o from the center. The other ]>oinls in the third and foiirtlr 
colunins are to be interpreted similarly. Column 6 is found by 
adding if (=8.0) U» column 2j w in each case is the sihm of the 
two denominators in the same liorizontal line; 418 (in column 0; 


oY 40.2. A short metlusl of performing tliis mul- 

fw I 

tiplication will be given later. The solution of equation 44 
appliiMi to this ease. is: 



V«I. 

+ i:{ 17S 

1- fi4r> 17S 

7<»:2. 

irly 

imt7 

ilii! 

17H + 14SS 

■ 17S) 

an<i 

tl7+ 

illii"'"’' 

17>s ;■ 7Si:{ 

■ 17S). 

8.r, 

H.l 

0,7 and 

r 7.t> r . 47.4 

4().*2. 


(- 3.0) X ( + 7.2); see e<jnation 45. Note that in this case, the 
prisnuxlial <;orreotion is about 1 \^r cent of the total volume. 

' Tlie errors due to inaccurate cross -sc^ctioning will frequently be 
more than this. The volume 4080 cubic yards is the prirtm vol- 
ume (lairring the neglect of the fraction of a yard) of the prismoids 
given by the notes. Whether these prismoids actually represent 
the true volume of the earthwork deptuids entirely on the cross- 
sectioning and is entirely out of the hands of the computer. 

25 

5 Q. Computation of Products. The products (fh may l>e 


written 


ah 

l!0S* 


These products are always the combination of two 


variable terms and a constant. It thus becomes possible to con- 
struct tables which will give these products for any given height 
and width. CrandalPs Earthwork Tables are computed on this 
basis. But these products* are also obtained with great ease by 
means of a slide rnle^ provided it is large enough to give tlie 
rerpiired ac^curacy. Tlie 108 mark, being sO constantly in nefi 
should have special mark so that it may be found without effort> 
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As a numerical illustration, take the iirst of the above cases* Set 
the 108 mark of the up|)er scale on the 111 mark on tlie lower 

• scale. Then look for the ’402 mark on the upj)er scale and note 
that it is nearly over the 413 mark on the lower scale. While it 
A {>ossil>Ie to devise set rules to determine tlie position of the 

^ decianal point, it is considered that a hasty mental solution of the 
problem decide the point quicker and with less chance of 

* error. For example— the product of the two variable quantities 
is always divided by l.OS, which means that the final result will be 
a little less than the simple pnaluct of the two variables, 11 X 40 
== 440. Therefore 413 is evidently the correct result, rather than 

25 * 

41.3 or 4130. The ])roduct8 ./*// are similarly obtained since 


25 


8l ” 3 24* Jnark can Ihj used instead of the 10><. For 

' ( — 3 0 ) X ( * ‘ ' 7 2 ) 

example, the slide rule shows that ^ * - H to the 


nearest cubic yard. As to the decimal point — 3.0 •; 3,24 is 

something more than one; therefore, the resnlt is something more 
than 7.2. Therefore it is 8, rather than 80 or 0.8, If the student 
has •neither tables nor slide rule, the multiplication of the two 
variables (in cx)lumn8 5 and (5) and the division of the products by 
, the constant 1.08, may be matle ho mechanical himI Hystemalic that 
it may Ijo done (juickly and accurately although is much slow'es 
than the slide rule method. 

60. Irregular Sections. The distance from the center and 
the hei«dit above or below the roadbed must la> obtained for ea<J) 
break in the surface between the slope stakes. Then, in Fig. 42, 
by dn jipiug jierpcndiculars from each jHiint to the roadbed line, 
the total area is divided into a number of trafn^zoids, the sum of 
► the areas of which (less the areas of the two triangles under the 
side 8k)pt*8) eipials the total area of the section. For Fig. 42, the 
area w^ould Ih^ stated algebraiciilly as follows: 


Aim = 4 {/-{/) i’ 4 0 (f/ ~ 4 o 

r ^ i- 4^) 

- -2 
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Expanding tUis and collecting terms, of which many will cancel 
out, we Imve 

Area -!,'[/« '*) + “ ") + +i (<? - w) + ' 2 - ^ 

(/• + «*) J (46) 

Although tlio above equation looks as if it applied only to the par- 
ticular case given, yet a little study of it will show that tlie terms 
follow a law so general that thfe reduced equation for the area of 
unjf section, no matter how complicated or how many jK)ints it 
may have, may be written out by a literal ol>edience of the follow- 
ing rule: 

Area equah ans-htilf the num of produvU obtained an followe: 



The d!i<fanee to each ntale t 'nneH the heUjht above ijratle 
of the j)oint neH itwde the &foj}e stake/ 

The distance to each intermediate j> 0 'int in turn titnss the 
ht.iijht of the j)oi nt jmt inside ininus the height of the point just 
outside; 

fi'inatJy^ o^h^Jtaff the width of the rmulbed times the sum of 
the slope stake heights. 

The above rule may l)e follow'ed literally whether there are 
forty intermediate points or one, or even none. When there are 
no intermediate jioints the terms ior that side* reduce to one — the 
distance to tlie slo{)e stake times the height of the point next inside 
(which in this case* is the center). For threadevel ground (see 
Fig. 41), we would have three termi; 


T4 
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Area = tri + w, </ + T)- ^ (^*i + A,), wliich reduces two ternie 
Area = wd + -y A (Ai + A,). 

The method of § 57 has the advantage that one of the two 
terms for each section is constant for all sections — in the numerical 
case of §58 it is 178 cubic yards. By the above method the two 
terms fcfr each section are variable. Nevertheless, when the cross 
sections usually have one or more intermediate points and there- 
fore the method of ^ 60 must be used, and an occasional section is 
found wi,th no intermediate points, it is better for the sake of uni- 
formity to apply the above method rigidly and thereby avoid the 
possible confusion and error that would result by the use of another 
method. Probably no time would be saved by the change of 
method. 

61. Prismoldal Correction. The above method of irregular 
sections is cafHible of being followed to its logical conchision, and 
a computation for volume made which is mathematically correct, 
provided that it is noted on the ground how the points of adjacent 
sections are joined, so that the warped surfaces thereby developed 
shall lie as closely as possible in the actual surface of the ground. 
But the very fact that the cross-section is irregular implies that 
any longitudinal section will be correspondingly irregular, and this 
leads to the suspicion that a refinement in the C''mputationH may 
Ije overshadowed by a much larger but unknown difference between 
the volume of the assumed geometrical solid and the actual volume 
of the earthwork. In osder to obtain a correction which is easily 
computed and which gives a result which is probably much nearer 
the truth than no correction at all, the following method is much 
used: Consider that^or the purpune of the oorreotUm the ground 
is three-level ground ” and use equation 46. Numerical compu^ 
tations of volumes by both methods have shown that the differewe 
is small, and is perhaps smaller than the probable error on the 
ehtire work, l^is method will he need in the following numerical 
sdntion : 

62. Numerfcat Example. Voiume of Earthwork in Irreg^ 
Hfaw OrMflid. The first tabular form gives a desirable form of 
notes for recording the field work. Note that the station numbers 
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su. 


iMtt. 

Blghl^ 

47 

1.2 c 

4.2 0 
1874" 




0.8 0 
TO" 

46 

4.a c 

6.1 c 
1776 

6.2 0 
8.'6 


2.1 c 

XT' 

1.6 0 
TO" • 

+ 42 

18.6 c 

20.2 c 

40.3 ” 

16.7 c 
82.4 

14.4 e 
16.8 

12.6 c 

ro.2 

9.6 c 
^.4 

45 

9.2 c 

12.3 c 
28.5 

12.7 c 
16.0 ^ 

6.8 c 

6.4 . 

9.2 c 
8.6 

7.8 c 
21.7 

44 

8.2 c 

1 

6.0 G 

19.0' 

3.5 c 
8.3 

1 

1 


1.8 0 
12.7 


Boadbed 20 feet wide iu cut. Hlope 1.6:1. 


FORM FOR REDUCINQ THE ABOVE FIELD NOTES. 


Sta. 

width. 

Height. 

Yard A. 

Center 

height. 

Total 

width. 


uT^wf 

Approx. 

prls. 

corr. 


19.0 

3.5 

62 

• 

3.2 

81.7 




44 

8.3 

- 2.8 

- 22 








12.7 

3.2 

38 








10. 

7,8 

72 








28.5 

12.7 

836 


9.2 

60.2 

- 6.0 

+18.5 

- 84 


10.0 

- 5.5 

- 81 






46 

6.4 

- 3.5 

- 21 







21.7 

9.2 

185 








8.5 

1.4 

11 








10. 

20.1 

186 

766 







40.3 

15.7 

585 


13.6 

64.7 

4.4 

+14.5 

- 20 


32.4 

- 6.8 

- 174 






+ 42 

16.8 

- 2.1 

- 83 







24.4 

12,5 

282 








10.2 

4.0 

38 








10. 

29.8 

276 

667 







ITTe” 

6.2 

101 


4.8 

80.0 

+9.8 

-84.7 

- 100 


8.6 

- 0.8 

- 6 






46 

12.4^ 

2.1 

24 








3.4 

2.7 

s 








10. 

6.7 

62 

676 







16.4 

1.2 

18 


IQ 

27.8 


fsm 

- 2 

47 

11.2 

1.2 

12 

i 

HI 





10. 

6.0 

46 

266 

Hi 



■ 



Appiox. volume = 287S ^ 166 

“ pr. oorr. = -156 
Oorraeted volume s' 2^6 eublo yente. 
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mn up the page* By this method the fractions ** which show 
the hei^t and distance out of each point are recorded in their 
apfwoximate relative position when the note book is held looking 
ahead along the line. 

It should bf noted in this case that the prismoidal correction 
is a large percentage of the total volume. In the case of a pyra- 
mid, tHe correction is one-third of the nominal volume, which 
means that it is 50 per cent of the true volume. The fore^ing 
ndmerical case gives the notes for an embankment crossing a 
gully, and in such cases especially the prismoidal correction is 
always large and should not be neglected. 

63. Side-hill Work. A frequently runs along the 
elope of a hill so that it is necessary to have both cut and fill in 
the same section. The profile at such a place will indicate little 
or no earthwork, but if the natural slope ia steep and the roadbed 

' wide the amount of earthwork may be considerable. *Altbough it 
is possible to apply the general rule of §00 to such cases, it ^ 
usually simpler to compute the area in each case independent of 
the rule, especially when the section forms a mere triangle. The 
ar^ of cut and fill must be calculated independently. When a 
section of cut or fill is found at one station and is not found at 
the next, accuracy requires a knowledge of the place where the 
cut or fill ‘<runs out”. That small volume must then be consid- 
ered a pyramid with a given base and height. ' In general the end 
of every cut or fill implies the existence, at least for a short dis- 
tance, of side-hill work. Although the voldmes are usually small, 
yet since ^ey are frequently of pyramidal form, the prismoidal 
correction is usually a large percentage of the volume and hence 
should not be neglected. Hie rule of §61 can generally be* 
applied. 

64 . Borrow Pits. This name is applied to places from 
which earth is taken to make an embankment when there is insuf. 
^ficient excavated material in the neighborhood or when the mate- 
rial is unsuitable for embankments. 8 imb volumes must lie 
measnrad up and paid for the same as other excavation. Scnne- 
tiaiM the form of ^ excavation is literally diet of a rectangular 

' in udddi case die simple proteet at the three dimensionr 
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gives the vx»lnnie. But usually it is required to slope the sides; 
sometiiues the material is obtained by widening a cut, as in Fig. 
44. If the borrow pit is very large, several cross-sections should 
be taken at sufficiently close intervals. If the prismoids into 

which the total volume is'' 
- j — - *\ d i vided lia ve substantially 

equal bases, the ppismoid- 
al correction will be small 
and may l>e neglected, but 
if the*formB are pyramidal 
the correction should be 
computed It may be- 
come necessary to consider, 
the total volume as made 
up of tl*iangular prismoids and compute the prismoidal correction 
for each one se])arately. 

ds- Correction for Curvature. The volume of a solid, gen- 
erated by revolving a plane area about an axis lying in the plane 
but outside of the area, equals the product of the given area times 
the length of the |)ath of the center of gravity of the area. When 
the centers of gravity of the cross-sections lie in the center of ‘the 
road, where the length of the road is measured, no correction is 
nei'essary. If all the cross-sections were the same and therefore 
liud the same eccentricity, the total volume could he computed by 
the above rule. But in general both the areas and the eccentrici- 
ties vary from jioint to point, 
and then a theoretically exact 
solution w^ould be impracticable 
for ordinary work if not impos- 
sible. But a sufficiently prac- 
tical rule can, be develop^ as 
follows: Assume a curved pris- 
moid, of uniform cross-sections 



Pig. 44 . 


^and therefore of uniform eccentricity. Call that eccentricity e. 
Ut R be the radius of the center Use of the road. Then the length 
of the path of the center of gravity ia to the length measured on 
the cenu^r line as H ± : R. Therefore we lutve 

True volufiie : nominal v^me : : R ± e : R 



RAltROAD ENr.INEERINa 


m 


Tberefort) the true vulniiie of tlie |iriRnioid 


Thip 


shows that the eifect of curvature is the same as increasing or 
diminishing the area by an amount which depends on the area and 
^the eccentricity and that the increased or diminished area may be 

found by multiplying the actual area by the ratio This 

being independent jof the value of it is true for intinitesimal 
lengths. If the eccentricity is aasnined to vary uniformly l)etMreen 
two sections, the eq%umU^ut area of a cross-section located midway 

betwecm the two end areas would l>e A„ ^ ^ There- 

• Iv 

fore the volume of a solid which, when straight, would I 

(A' + 4Am -f- A") would then lunjoiiie 
True volume = 

[a- (I t ± /) -1 4A„fIl.. I (/ -t 1 A" (It 1 /')] 

Subtracting the nominal volume, >thirh is the true volume 
when the prismoid is* straight, we have the correction for curva< 
tare as follows 

Correction - ^A^) <’ f (2 A f A") /'J 


As in the case of the prismoidal formula, the use of this 
equation implies a knowledge of the middle area. Tliis correction 
is always a small proportion of the total volume and is frequently 
insignificant. Therefore no appreciable error is involved in mak- 
ing the equation read 

Onrv. corr. = git ^ 

46. Eccentricity of the Center of Gravity. The valve 
The determination ot the center of gravity of a complicated irreg. 
nlar cross-section wonld be a long and tedions problem and is 
{MnacthsaUy nnnecesaary. For the purpose of this cmneetion it is 
aolieiently accnrate to consider all sections as three.level s e ifti oi iS i 
ansept in side-hill work, where they shonld nsoally be cmtsidete^ 
*ae triai^;^. , In Fig. 45, the eooentriciiy of Ihe center of gnttriiy 


9f 
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of the whole eectioo, inclnding the grade triangle, inaj be eom* 
pnted 88 followB: 

(ff -f /7) ,r, ./•! (<t + tf) a*, 

2 ^ 2 3 1 (ig,« - V) 1 _ 

' (» + (/jV, ,'(» + (/)>•, 8{», + i»,) 8 W"*W 

1 + 2 (48) 

Substituting this value of in equation 47, we Lave 
. Cnrv. corr. = (*■!' “ ) + -A-" (»i" - a*r") ] 

But the approximate rolume of a prismoid may be written 

Vol. = 2" (^' + ^") = 4" + 4 


in which V' and V" represent the numl)er of cubic yards corre- 
spondiug to the area at each station. Substituting these values in 
the above equation, we have 

Onrv. corr. in cu. yd. = |^V' (a?i' - a^') + V" (o^" - (49) 


The value of < , found- in equation 48, is the eccentricity of the 
whole area, including the grade triangle 
under the roadbed. The eccentricity of 
the true area is greater than this and 
e(]ual8 

, true area + ^ ah 

= f» X ~ 

true area 

The required quantity (the A' e' of equa- 
tion 47) equals true area X s, which 

equals {tna area + -2~ ^ value of e (given in equa- 

tion 48) is a remarkably simple term, while the value of e, is very 
complicated and difficult to compute. But since we may obtain the 
true corrective value by using e and at the same time adding the 
yardage corresponding to the grade triangle to the yardage oor« 
responding to each area, it is best to do it in this way. 

For any one curve the corrective twras are all divided the 
qpsauti^ 81^ If Itables are not at hand, It ^ am|^y accurate to* 
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«ompate tljat R = hi «hi<^ D is the degree of the oorte. 
Even equation 49 may be simplified somewhat in actoal use. The 
correction at each station has the form — ^ . SR is nsnally 


■ a large quantity; for a 4° cnrve it is 4298. [asi - a^) is relatively 
very small. Their ratio times V is never a very large quantity, 
and it is frequently less than unity, when, of course, it should be 
ignored. An approximate solution will generally show that the 
product V - Xf) is roughly twice or three times 8R, or is per- 
haps less than one -half 3R, and then the cornx'tive term for that 
station may be written 3, 2, or 0 cubic yards, the fraction being 
ignqred. It is only when the curvature is Excessively sharp and 
the eccentricity very great that the curvature correction becomes a 
large percentage of the volume. 

The algebraic sign of the correction is most surely and easily 
noted from a consideration of the direction of the curvature and 
on which side the earthwork predominates. If the center ql 
gravity is evidently toward the imide of the cnrve the true vol- 
ume is evidently leas than the nominal volume and the correction 
should be negative. When the curve turns to the righi^ use the 
form (a?! - ®,) ; when it turns to the left^ use the form (av - »i). 
The algebraic sign of the correction will then be strictly in accord* 
ance with its true value. 

67. Numerical Example. Assume that the earthwork com* 
puted in § 58 is located on a KT curve to the left. How much 
will be the curvature correction ? fkipyipg from the* solution in 
§ 68 the necessary data we have at once the first four columns of 
the tabular form. Usually the last three columns will be mertdy 
added to the form given in § 58. Since the curve is to the loft, 
we Bse the form (ar, - a?,). 3R 3 x 573 = 1719. 



w, I 


j 

Yftrdii. 

» ' ' 

> 

“ia- 

Ourr. 

oorr. 

$2 

26.4 

13.8 

418 

>12.6 

- s 



26.1 

18.8 

645 

-10.8 

* 4 

- 7 


86.4 

26.7 

1018 

* -11.7 

7 

-11 

4^65 

40.6 

27.9 

1488 

-12.6 

-19' 

- 17 ’ 


60.e 

26.7 

788 

- 9.9 

- 6 

•" 8 


^n»tal eotv. esR. « <• 48 )raMG4 
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The net volume of the mass under consideration is thus reduced 
to 8,9(18 cu'bic yards. A 19° curve is rather unusual. Since the 
correction varies directly as tlie degree of the curve, if the above 
curve were a 4° curve the correction would be only 0.4 X 43 = 17 
cubic yards. < 

68. Eccentricity of the Center of Gravity of a 51<le>hlll 
Section. It will generally he sufficiently accurate to consider, for 

this purpose,* that all side-hill 
sections are triangular. The 
center of gravity of a triangle 
lies on a line joining the vertex 
and the middle of its base, and 
at one-third of the length of 
this line from the base. The 
eccentricity is therefore equal 
the distance from the center to 
the middle of the base of the 
triangle plus one-third of the 
base of the triangle plus one-third of the horizontal projection 
of that line. Applying this rule to Fig. 40, we have 

h m, , ^ • ®*r 

4 ■’* 8 12 6 

“T + *8 T 



Fig. 46. 




(50) 


It should be noted that the grade triangle is not considered in the 
above solution therefore the volume of the grade prism should 
not be considered in applying Eq. 49. In three-level ground Sie 
enrvature correction will be zero when a*| sss but in side-hill 
trork the curvature correction is never aero and it may be a la^ 
proportion of the total volume. * 

In ease the triangle lies whtdly on me side of the center, it 
may be similarly shown that the equation may be written 


as 
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( 5 «) 

This equation may be derived directly from equation 60 by con* 

’ sidering that when both points are on the same side of the center, 
the algebraic sign should be changed. These varions cases may 
be generalized by saying that when the triangle lies on both sides 

of the center, e is always numerically equal to j^-|- + (o^ • »,) J 

in which the form should be (a*| - tr,) or (r, ~ ir,) according to 
the criterion used in § 60. When the triangle is on one side only 

e = numerical »um of the tw6 distances outj. Its 

algebraic sign should be determined as in § 66. 

CONSTRUCTIVE EARTHWORK. 

69, Methods of Excavating. Economical excavating depends 
largely on the distance to be hauled as well as on the character of 
the soil. Side-hill work is usually done by mere shoveling, the 
earth being loosened by picks or plows. When the distance tikt 
the earth must be moved becomes greater, wheelbarrows or drag 
scrapers become economical. Wheeled scrapers, two- wheeled carts, 
four-wheeled wagons, small cars drawn by liors<*s, and heavier cars 
drawn in a train load by locomotives successively become more 
economical as the distance increases. As the magnitude of the 
work increases, thereby justifying an increase in the cost of the 
plant used, economy in the cost of loosening and loading is ob- 
tained by using a steam-shovel instead of picks and plows. When 
cuts are very deep, they are best excavated in benches” whose 
heif^t will depend on the method of loosening and loading. 

70. Blastluc. Blasting is employed not only for hardK rock 

sdlieh can only be removed by such methods, but also as a means 
for rapidly loosening shale and even frozen earUi. The explosives 
used vary in their ooiniibsition from a high grade detonating mt- 
plosive, sndi as No. 1 dynamite which consists of 75 -per cent 
nitro-glyoerine, to Mack powder which is, comparatively, ** slow 
‘burning.” (hese extremes there sn« a peat mnltilu^ 

' of wplosive eompptiids, which consist of varying powportioBe of 
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«xplo8iveB df thu two tyiwa. It has been demonstrated that a slow 
burning explosive is ina(le to detonate ” if it is exploded by means 
of a sulhoient volume of a detonating explosive, which means that 
a mixture of the two kinds has a greater explosive force than the, 
sum of the constitnents exploded separately. The choice of ex- ' 
' plosive depends on the character of the ruck. A hard brittle rock 
requires a detonating explosive which shall shatter it. A ibft and 
tough rock is best loosened by a powder which acts more slowly. 
If dynamite is exploded in a soft clay rock the hole will be blown 
out, but the great mass of the rock is not disturbed. When the 
center of the mass of jwwder is 4 feet from the nearest surface, 
about 2 pounds of black powder (or about | of a pound of dyna- 
mite) should be used. The amount should vary as the mhe of the 
‘‘line of least resistance,” /.c., if the center of the blast is 10 feet 
from the nearest surface the amount would be determined by the 
proportion a; : 2 :: 10* : 4^ ora* ~ 31 jwunds. In this case, since 
dynamite is about six times as powerful as black* powder, a little 
over 5 {wonds of No. 1 dynamite would do as well. The “line of 
least resistance” may not, be the “ nearest line to the surface” on 
account of seams in the rock which modify its resisting power, but 
the above rule is about as near a fixed rule as can be stated. For 


o})en work, e8{)ecially when time is not a very important ntatter, it 
is cheaper to use black powder, but in tunnel headings whero tl^e 
progress of the work is limited by the prepress of the drillen it is 
economical to use dynamite although it is more expensive. 

Pnlling. Hand drilling w'heu the holes are vertical ia best 
accomplishtMl with “ churn drills,” which are heavy bars of iron 
aliod with a steel drill, which are raised and dropped, the impact 
doing the cutting, the drill being slightly turned after each stroke. 
From five to fifteen feet of holes, depending on the character of 


the rock, is coirsidered a fair day's work of ten hours. Oblique* 
or horixontal holes must be drilled w'ith light drills of die “one- 
man ” type or the “ two-roan ” ijpe. The one-man drill is worked 
«ntir(dy by one man with a light one-hand hsifikmat. With the 


'other method, ohe man holds the' drill,\'whi<ui-^B perhaps a little 
heavier knd which is struck by another t>U|y|fej> 0 >^hapi|‘ by t#o, 
using *4»»y hantmer. It haa been foiu^9M|e|i|g^t-iiai^ 
method u more etMummioal for iMjpBRSheay^^ 
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tnetbod more economical lor hard rocks, but that the li(^t-haminer 
method is always quicker and is to be preferred when limited 
space and time are matters of importance. Hadiine drilling is a 
specialty which can only have a very brief general discussion here. 
'Where the magnitude of the work will justify it, it is alu’ays more 
'economical iiei foot of hole drilled. Die plant is expensive both 
in first ^cost and maintenance; part of ,the expense is nearly 
constant regardless of the number of holes liored. and so it is only 
when the W'ork is extensive that the method is advantageons, but 
under favorable circumstances the economy is very markt>d. For 
open-pit work individual drills are used, bnt for tunnel headings 
several drills are monuted on a carriage” from whicli, after it is 
set, several holes may lie drilled simultaneously. Compressed air 
is used to run the drills in tunnel work. This serves the addi. 
tioiiul purpose of furnishing a supply of pure cold air at the place 
where it is most needed. 

Tamj>hi(j. It has be(>n found that air spaces annind the 
explosive cause a very material reduction in the force of the expio* 
sion, therefore it is nccessaiy' to ram the explosive into a solid 
mass and then pack the top of the hole. Iron bars should never 
be*nsed for tamping. Copper bars are sometimes used fur ram* 
ming powder, but dynamite is most safely rammed with wooden^ 
liars. Clay is the best tamping material where it is available, but 
sand or finely powdered rwk will serve ver^ veil. It has been 
found that when blasting under wati‘r the weight of the snperin* 
curabent water is sufficient tamping. 

Exploding. On small-scale work, the blasts are generally 
exploded by means of a powder fuse, which is essentially a cord 
which forms the matrix for a train of powder, the cord lieing 
farther protected by a wrapping of some sort. The better plan, 
and the one which is used almost exclusively for extensive work, is 
to explode a large number of holes simultaneously by means of 
electricity. A **cap” containing a. small charge of fnlminate of 
memuy, an expensive but very powerful -explosive, is set in the 
midst of the largw mass of explosive. An electric correni from 
a field battery is' seat throngh each cap. As the cnrrent psases 

* ant^l platinnm wire to redoM ov llse 
• catises a sparl(^j||||H|^ aeross a short gap in the wire, ffa (riAer 
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case the fulminate is exploded, which in tnrn explodes the midn 
charge. 

6W. The cost of blasting is so exceedingly variable, depend- 
ing on the nature of the rocA, depth of the cutting, and especially 
on the magnitude of the work and the methods employed, that 
only the most approximate estimates can be here given. Under 
the most favorable circumstances, deep cutting, machine methods, 
and a ruck which is brittle but not too tough, the cost may fall as 
low as 25 cents ]»er cubic yard, while with hand drilling, hard and 
tough rock, in a shallow cut, the cost might easily rise to $1 per 
cnbic yard. It would indicate exceptionally unfavorable circum- 
stances, bad management, or |)OBsibly an excessive price for com- 
mon labor, if the cost should rise almve this figure. 

71. Formation of Embankments. Exjierience has shown 
that when earth is excavated and piled in embankments its vol- 
ume will at first be more than tlte original measured volume but 
that it will finally shrink to abunt IK) pr cent of its original 
volume. The j)ercentage of shrinkage is a very uncertain quan- 
tity, as it de|R‘nds on the kind of eartli, on the method employed 
in forming the embankment and on the time elapseil between 
construction and the measurement of what is siqqiosed to be the 
Mttled volume. Material dumped from a trestle will first have a 
volume considerably in excess of its final volume and it will take 
several months and even years to shrink to its final volume. On 
the other hand, if an embankment is formed in very thin layers, 
each of which is packed down by the process of unloading the 
succeeding layer, there will be but little shrinkage after the 
emiwnkment is finished, but more material than the ttoluine as 
measured in the cut will be required to form that volume of 
embaukmeut. Broken rock, formed into an embankment, will 
have a volume #bout 80 percent greater than the mass of’ solid 
rook from u'hich it is taken. 

It is fretjuently specified that embankments are to be made 
^ to a sqinewhat higher elevation than the phm of the road edls for, 
so that die expected shrinkage wi|l reduce the embankment to the 
desired level. Binoe the contractor is paid by the cnbic yards of 
, /material exoamted and is required to disposei^ excavat^ mate- 
rial as required, it is generally spOdified amoaot of dua 



MiLROAb SNQINEERING 77 

woess of hei^t of embankments is left to tihe disoretion of the 
enpneer who decides the question daring the progress of the work 
and after he has had an opportunity to judge of the material after 
exoaration is under way. When embankments are placed on side* 
, hills, the surface should he first plowed or have trenches dug 
along the slope so that the emltankment shall not slip down the 
hill. A ditch dug at the base of each slope will drain the sub- 
soil an*!! may prevent a dangerous and costly disintegration of the 
embankment. Thickening the layers of an embankment on the 
outside somewhat so that the layers will be concave upward may 
also present sliding of the layers on each other. When the plans 
call for a very long and high embankment, it is sometimes best 
to construct first a trestle and operate tbe road over it. The 
trestle should have a life of at least five or six years, and during 
that time material can be brought from some excavation, perhaps 
several miles away, where it was perhaps loaded with a steam 
shovel, hauled by the train load, dumped with an “unloader,” 
and allowed all the required time to settle, the whole being done 
for a cost per yard far less than it would have cost daring the 
original construction. The method has the added advantage of 
permitting the road to lie quickly opened for traffic and permitting 
it to quickly get on an earning basis, for such a trestle can be 
built more quickly tlian a very high embankment. 

72. Classification of Earthwork. One of the most fruitful 
sources of legal contention between a contrsct(>r and his employer 
is the classification of excavated material when the work is paid 
for according to the classification of the material excavated. It is 
not only true that there is an insensible ’gradation from the softest 
of earth to the hardest of rock, but a material which is very hard 
when first exposed will sometimes crumble up after a very short 
exposure to the atmosphere. It is even true that some kinds of 
rock which are very soft when first taken out harden after exposure 
to the air, but this-dass of phenomena never has any influence on 
mere blasting for excavation. To avoid these disputes, some rail- 
roads require their contractors to satisfy tiremselves as to the char- 
acter of the material to be excavated and then to make a single bid 
per yard which shall include whatever material is encountered. 
yffUk all its advaadiges, this throws all the uncertainty on the ecp* 


87 



78 


RAILROAD ENGINEERINO 


tractor, and nnless tbe competition is verj great «nd tbe bidding 
close the coBtractor will nsnally add so much to cover that nncer* 
taintj that the railroad will pay more than it would on a classified 
basis. 

The classification is usually made threefold — (1) solid rock, (2) 
loose rock, including shale and hard-pan, and (3) earth. Solid rock 
includes only such material as cannot)^ remov^ except by blasting, 
when it is found in masses exceeding one cubic yard. Loofae rock 
includes boulders which are more than one cubic foot in volume 
and less than one cubic yard; also stratified rock occurring in 
layers of not more than six inches, when they are separated by 
strata of clay; also all material (not classified as earth) which ean 
be loosened with a pick and bar and which can be quarried with- 
out blasting although blasting may occasionally be resorted to.'’ 

Earth ” includes all material not considered above — boulders not 
over one cubic foot in volume, all clay, sand, gravel, loam, decom- 
posed rock and slate, and all materials which can l>e loosened for 
loading by a plow with two horses, or such as one picker can 
keep one shoveler busy. A brief consideration of tire above classi- 
fication, which is compiled from the best authorities available, 
shows the infinite opportunities for dispute as to classification. 

TUNNELS — SURVEYING. 

73 . Character of Survsyinv. There are few kinds of sur- 
veying for engineering work where accuracy is of such finan- 
cial value and where it is so diflScult to accomplish as it is in 
tunnel work. By the very nature of the case a tunnel is usually 
located in a region where it is very rough and all the surface sur- 
veys must be made on very steep slopes where accurate measure- 
ments are exceedingly difficult. Tiie surveys in the tunnel itself 
are made in cramped quarters where light is artificial and the 
atmosphere is pbrhaps smoky. The difficulties will be elaborated 
as the methods for obviating them are discussed. Tunnels are 
generally excavated from each end. A very small error at either 
•end will accumulate, especially if the tunnel is very long, dntil 
when the two headings meet then mmj be an ofEset which might 
aotnally necessitate a small reversed curve in the alignment. 
Ther^ore only the most refined m^nremmlts lor distance, the 
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most refined levdiog between the ends of the tnnndlpg and the 
repeated measareuients of all horicontal angles or the most preoise 
prolongation of lines are to be nsed. All snch work should be 
r^wat^ and checked nntil the probable error of the work as so 
small that snch error as may remain has no financial importance. 
The cost of such refined work is amply justified, because the lack of 
it may sesult in an error whose financial Talue might be rery great. 

74. Surface Surv^a. The relative position of the two ends 
of the tunnel is first determined, the azimuth and length of a 
line joining the two ends and the relative elevation. Usually a 
line is run on the surface which will be at every point exactly 
over the center line of the tunnel. When the tunnel is perfectly 
straight throughout, this is comparatively easy. Any curvature 
in the tunnel complicates the surveying greatly. A permanent 
station, from which a long sight can be run into the tunnel, is 
jdaced at each end. Then intermediate permanent stations are set 
so that adjacent stations are intervisible. These stations are first 
set approximately on line and then by repeated adjustments they 
are all set exactly on line. Any intermediate shaft can then be 
looted from the adjacent stations. 

Distance. The distance is sometimes determined, as in geo- 
detic surveying, by triangulation and the measurement of a base line. 
Some of the great Alpine tunnels have beeU ineftsured in this way. 
But for simpler work a direct measurement is made with a tape. 
Since the slopes are usually very steep, it becomes impracticable 
to hold any very great length of the tape truly horizontal. It is 
then also necessAry to plumb down from, the down-hill end of the 
tape to the ground. This is troublesome and also introduces an 
element of inaccuracy. And therefore ** slope measurements” are 
often made, measuring the slope distance between carefully marked 
points and at the same time determining the difference of elevation. 
A simple geometrical calculation then determines the true hori- 
nontal distance. These marks may consist of needles set in wooden 
plugs Buj^rted <m ordinary surv^ng tripods. 

Leveto. The above method indndes the leveling. But If 
the ordinary method of iOvdiitg is used, espedal cate mnst be 
.laltan, since the sl(^ ate very steep and die vertisal distaness he 
** be overcome very gieat. 
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75. Underground Surv^s. Station marks, correspondu^ 
to the stakes of ordinary surveys, cannot nsoally be placed in the 
bottom of the tunnel since they would be very qnickly disturbed 
or covered over with debris. If the tunnel is Umber^, the eas< 
iest method is to place the marks on the timbering, but this should . 
not be done unless the timbering is very firmly in place and is not 
liable to be shifted. The better plan is to drill a hole in th6 roof of 
tlie tunnel, insert a wooden plug, and then set in the wood a small 
hook or nail which marks the exact point. Occasionally such 
marks are placed on the side of the tunnel. 'When placed in the 
roof tliere is the advantage that a plumb line, which must be illu. 
minated by a lantern,* may be swung from the hook or nail. A still 
better device is a plumb bob hung by a pair of cords attached to 
a “gimbel joint” on the bob. The bob has a little reservoir for 
oil and a wick exactly in the center which will furnish a flame 
which may be seen as far as necessary and which may be bisected 
by the cross hairs of the transit with great accuracy. Such 
sights” can be reproduced whenever desired with great confidence 
that there is no appreciable variation. 'When a mere plumb line 
is used to sight at, it must be illuminated by some sort of lantern. 
This may be done by using a lantern with a ground glass which is* 
placed behind the line, which is seeh by its contrast *against the 
illuminated l)ackgronnd. If an ordinary lantern is used, it should 
be placed nearly in front of the line and pointing away from the 
transit, so that, without being seen from the transit, it illuminates 
the face of the line which then shows light against the darkness of 
the tunnel. 

The leveling most, of course, be done with the level rod in* ' 
verted so as to obtain the distance from the station point down to 
the line of si^; Of course this makes a corresponding difierenoo 
in the calculations which must be carefully watched to avoid a 
. blunder due to this change. This may be avoided by always plao*' 
^ng a minus sign before any rod readings so taken, and then lid> 
lowing the old rule of alg^raioaUy adding backsi^ts and snb* 
tiaeting foresights and intermediate sights. Tarions devices are 
■i^reqnired to meet special conditions which test the invmttivo inge. • 
nnity of the engineer. 
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76. Surveyins Down Shafts. In tlis c*aae of vwy long tun- 
nels it soinetitnes seems fdvisable to sink shafts at one or more 
points on the line of the tunnel, and when they have been sunk to 
^e required depth, proceed to dig out the tunnel in each direction. 
.For such work it becomes necessary to determine, at the bottom of 
the shaft, elevation, distance and alignment. If the shaft is ver. 
tical, a^is usually bnt not always the case, the elevations are must 
readily carried down the shaft by means of a steel tape by methods 
which are obvious. Distance, which means in this case the longi- 
tudinal position in the alignment of the road of any given point, 
is readily transferred from the surface to the level of the tunnel 
by a very obvious application of the results of the next process to 
be described. Transferring the alignment with accuracy requires 
the utmost care and ingenuity. In principle it is very simple. 
Tym heavy plumb bobs are hung on steel wires which are loi^ 
enough to reach from the surface to the tunnel. At the surface 
they are placed on a line. Theoretically they should be on a line 
at the level of the tunnel. If a transit is so placed in the tunnel 
that its line of collimation passes simultaneously through bofih 
Wirgs, It is in the line of the tunnel. Such is the simple outline; 
spine of the difficulties are as follows: 

Although the wires am set as far apart as possible along the 
line of the tunnel, the distance is absolutely liiiii.<d by tbe size of 
the shaft. Any minute error in tbe location of these lines (say 
eight feet apart) will lie greatly magnified when tbe headings are 
run out (1,000 or 7,000 feet in each direction from the base of the 
abaft, as was done in the case of the Iloosac tunnel. The currents 
of air up a tunnel shaft have considerable effect in swaying the 
wire from a true vertical. In tbe case of the Tamarack shaft, 
4,250 feet deep, tbe wires were 0.11 foot farther apart at the hot* 
tom than at the top.* The discrepancy in that direction had no 
effect on tbe alignmebt, but if the wires bad an error whose com* 
bined effect in that direction was 0.11 foof, the lateral error while 
unknown was perhaps as much or more. The uncertainty vm 
tiherefbra in that case very great. Incasing such wires lor the 
whole distance in a box rednees the effect of air currents. Tho 
j3itznh swung in pails of water or oil at tbe bottom au^ 

ti^ loeatimM notefias earefoUy as possible, taking the mesa 
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tion of the Vibrations which cannot be altogether ove^me. Harks 
are then set at the bottom of the shaft (but in tiie roof of the 
tunnel) from which plumb lines can be hung. A transit can then 
be set by trial so that its line of collimation simultaneously passes 
throngh both wires. 


TUNNEL DESIGN. 

77. Cross-Sections. The variety in the cross-sections which 
have been adopted is due to the fact that there are no absolute re- 
quirements which determine the design except in a general way. 
If the tunnel passes throngh such very soft soil that there is ex- 
cessive pressure the form should be circular or nearly so. While 
the size of the rolling stock is in one sense a limitation, yet the 
clearance should be considerable, partly for the reason of allowing 
something for a possible settlement of the lining. A majority of the 
sections used have a semi-circle or semi-ellipse surmounting a root- . 
angle or trapezoid. Even when the ground is so soft that lining is 
required not only at the top but also at the sides and bottom, the 
same general shape will be used except that the straight lines will 
be replaced by arcs of circles concave to the center of the tunnel. 
Illustrations of cross-sections will l)e shown under a subsequent 
section. 

A tunnel almost invariably strikes one or more veins of water 
which immediately begin to discharge into the tunnel, which there- 
after becomes the drainage outlet fur such water. This necessi- 
. tates an adequate provision for drainage. In adouble track tunnel 
the drain will usually be placed between the two tracks, but with 
single-track tunnels they must necessarily be placed on OMh side. 
Fig. 48 will illustrate this feature. 

78. Qratfe. Many tunnels are situated at the summit of two 

grades, which are very probably the ruling grade of the road. In ■ 
such a ease it is possible to make the ends of the tunnel at practi- 
cadly the same level and have no grade in the tnnnel except a 8li|i^t 
grade for drainage. There ^ould be no grade summit in. 
the tunnd. Grade for drainage should never omitted — about 

0.2 per cent grade is required. But tunnels are frequency iiec» 
aary as parts of a grade whidi is’Wery possibly the rulii^ grade of 
the fine. In cases^the grade di^d be vay marariiiLtlly 
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dn^ while ranning throngh the taunel. The atuioepheric resiat* 
anee in a tnnnel is greater, the rails are apt to be wet and slippery 
and the traetire power therefore less, while the consumption of the 
limited supply of oxygen by the locomotive and the poisonous 
fpmes cast off, especially when the engine is working hard, is a 
source of actual danger to the engine crew and even to the pas< 
sengers. Tlierefore a generous reduction of grade should made, 
although the precise amount of compensation required is hardly 
computable. 

70» Lining. “Die lining required varies from no lining, such 
as may be permitted when the rock is so firm that it will be abso* 



Fig. 47. ConuecUon with Hhaft, Church HIU Tumid. 

t 

Intely self sustaining and will not disintegrate u]x>u exposure to 
the weather, and a lining of the very heaviest and strongest cut. 
stone masonry which should be used when the ground is subject 
to extensive settling. This condition is far worse than any mere 
fluid pressure. Many American tunnels have been constructed 
with a pennanent lining of timber, such as is illustrated in Fig. 
47. In other cases tiie eross-seetion of a tunnel has purposely 
been made somewhat larger than necessary, so that when the tim- 
her lining re^fnired renewal a masonry lining could be built inside 
of the timber lining without encroaching on the required clear 
o^psa-seetion and without requiring any distufbance of the timber 
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lining, li^ this way the heavy expense of the masonry lining coahl 
be deferred until a time when the road would probably be bettw 
able to pay for it. True economy requires the best of cement 
masonry. When, on account of an unintentional fall of rock out* 
side of the nominal excavation lines a space would be left betweeu 
the lining and the line of the excavation, snch s|>ace should be 
filled with broken stone well packed in or even with concrete or 
solid masonry. 



80. Portals. Although no calcnlations can be made to de* 
temiine tlie forct'is acting on a portal, it is readily seen that they 
are sometimes very great, as they must often prevent a tendency of 
the face of the mountain to slide down over the tunnel outlet. In 
Fig. 48 is shown a typical portal. These are sometimes made very ' 
elaborate architecturally, but the leading feature of the design must 
be its massiveness. It must act as a retaining wall against the 
direct action of the elope. If there is also a consideraUe stretch 
of open cut at the entrance to the tunnel, then the design is really 
simplified by walls on the sides of the out which w&l act as but. 
trese walls to the portal. Some of the most difficult cemstmetioa 
ct a tunnel Jt^y occur at portals. It is here Uiat the Aioko^ 
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of the netaral ^roof*’ of the tunnel runs out to piActically jcero. 
Conaidemble thickness is required before it will become self-sus- 
tnining enough to give opportunity to place the timbering. The 
surface soil may also Ite so loose that the excavation below starts 
sT landslide. Tlterefore a very heavy timber frame must be oon* 
structed outside of tbe line of the proposed portal and most be 
very heavily braced to withstand a probable tendency to a landslide. 
In one case a shaft was sunk a short distance from tbe portal; 
tunnel excavation and permanent masonry lining was at once com. 
menced, running back toward the portal. As the surface was ap* 
proached the thin roof was so thoroughly supported that no serious 
difficulty was encountered from a landslide. , 

TUNNEL CONSTRUCTION. 

81. General Principles. A large majority of tunnels require 
a lining liecause the material through which they are excavated 
'cannot Iw de{)ended on to be self-sustaining. Ext'ept in sub-aqueons 



Fig. 40. Fig. 50 

work, all material is sulf-sustaining over a small area and for a 
short time, a time long enough so that after a small area has lieen ex* 
‘ posed a support even though temporary may be placed which will 
IHWvent a fall at that place. Since there are all gradations in mate- 
rial from the hardest of rock to tbe softest of quicksand, there are 
lilESwise gradations in the methods to be adopted, in tbe prompt* 
nea with which timbering must be placed to support expo^ 
areas and also in the extent of area which may be safely exposed 
, b^ie timbering is placed. All methods agree in excavating one 
m mors headipga in advance of the full sectional ezcavatioii* 
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These hea(lings are sometimes made at the top, sometimes at the 
bottom and sometimes at the two lower corners. One good effect 
of such headings is to drain the soil in advance of the main exca* 



FiK.M. 


vation and thus facilitate the sub* 
sequent work. These headings 
are then enlarged until at last the 
full sectional area, including that 
required for the lining, is ob- 
tained. The construction of the 
lining follows closely, so that in 
a stretch of jierhaps less than 80 
feet may be seen all stages of the 
work, from the initial heading to 
the hnished tunnel completely 
lined. 

82. Hethods. The limita- 
tions of this paper will not permit ' 
a complete discussion and descrip, 
tion of the various methods which 


are used in this work. Some illustrations are shown to give the 


student such a grasp of the gen- 
eral principles involviMl that a 
generous application of common 
seuse may enable him to accom- 
plish some of the plainer and 
simpler problems. The timber- 
ittg must be so designed and 
placed that there will be little 
or no tendency for the pieces to 
slip on each other and that any 
added pressure will only bind 
the framing still tighter to- 
gather. The timbering should 
never fail except by absolute 



Fig. 52. 


crushing, and its cross-section 
should be made such that it may 
withstand any prcdnble pressure. , An inspection of tho illnatm^ 
tionn wOl illnitnte this. « 
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Much of the difficulty of tunnel work arisen fropx the linuted 
spato in which the work must be done. A wclklcvised system of 
removing excavated material as rapidly as it is loosened and of 
handling the materials for the 
lining and pladng them in posi- 
tion is therefore an absolute 
necessity. The use of small cars 
on rails b usually advisable. 

With a tunnel of apy consider* 
able length, artificial ventila- 
tion during construction is nec- | 
essaiy', especially if bbsting is 
required. As before mentioned, 
compressed air may be used to 
operate the drills for blasting 
• and this may supply the need. 

But where no blasting is re- 
quired, ahd sometimes even Fig. 53. 

when compressed air b used, 

ventilation by fans is necessary. The fans and engines for oper- 
ating them are of course placed outside the tunnel and the fresh air 
, is discharged from a pipe where desired. 



The fans and engines for oper- 


TRESTLES. 

A trestle consists of two essentbl parts, the sub-structure 
framework and the floor system. Since tlie flo<jr sjstcm is essen- 
tblly independent of the sub-structure, it will lie scjiaratcly described. 
There arc two systems of builifing the sub-structure, by piling and 
by timber frames. 

* 83. Pile Trestles. These are limited in height to the length 
a| a ringle pile which may safely be used. The length of pile 
required must include the necessary depth to which they must be 
driven. On this account 30 feet above the ground is about the 
Bmit of height of a {file trestle. With exceptionally long piles 
higgler jMle trestles might be built, but framed bents would be 
prelnable. Usually four piles are conridereef sufficient for sing^ 

* t;||$sdc, althou^ ipore are sometimes used. The inner pibs are 
atwayn made vertiical but the outer {ales are sometimes battered so 
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as to give the trestle a greater remstance against a lateral tihrust. 
For a high trestle (greater than 10 feet) this thrust is best taken 
up by sway bracing. The piles are surmounted by a cap which is 
generally 10X12 in., or perhaps 12X12 in. A still better form 
of cap is the “split cap,” which couidsts of two pieces bolted to^ 
gether as shown in the detail of Fig. 56. Other methods of join- 
ing the cap to the piles are illustrated herewith. The construction 
using drift bolts is perhaps the cheapest and most quickly erected, 
but it has the disadvantage that repairs are difficult, and if the tres- 
tle is merely temfmrary it is almost impossible to remove it without 
ruining the timber for futiue use. The mortise and tenon joint 
is perhaps the most common for good practice. The piles should 
be not less than 14 in. in diameter at the butt and 7 in. at the top, 
exclusive of bark, which should be removed before driving. The 
soft durable woods such as cedar, cypress, pine and redwood are 
best for piles that are not driven in a stream where they may be 
subject to the blows of floating ice. The oaks are stronger but 
are less durable in the ground. The caps are preferably made o{ 
hard wood such as oak or yellow pine. They should be about 14 
ft. long for single track. The sway braces are generally 3X12 in. 
and are usually spiked with |-in. spikes 8 in. long. 

84. Pile Driving. Piles are usually driven by means of a 
hammer weighing 2,000 to 3,000 pounds, which is raised between 
guides to a height of perhaps 25 feet and allowed to drop onto the 
head of the pile which is suitably set between the guides. A very 
cheap way is to raise the hammer by horse power, and then loosen 
a clutch which allows the hammer to fall freely. A still better 
way is to use a portable engine which winds the hoisting rc^ 
around a drum. Sometimes the falling hammer is required to 
draw the rope and unwind the drum as it falls. On the one hand, 
this obviates the use of a clutch and even permits mote rapid blowi, 
but on the other hand, the force of each blow is very material^ 
weakened and the method may be used by a dishonest oontractqr 
to falsely uuficate a high reristing power of the pile. Exoesrive 
driving has been known to fradture a pile underground and render 
it almost useless. The action of the hammer i^linters the top ct 
thep^,cauringitto^'lnoom.'* actum very greatly tednoesi^ 

^ectiveness of the driving. Thu is hrgdy i»evesited by diamfeting 
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off the top of the and driving on a vrought-iron ring, which has 
asectbn of about iX2 in. and of a suitable diameter.* The fre- 
quent removal of all oushed wood from the head of the pile by 
means of an adze is amply justifiable in spite of the delay caused. 
Piles should be driven until their resistance as indicated by the 
penetration for a single blow is as great as is required. The most 
commonly used formula is that known as the ‘‘Engineering News” 
formula, which when used for ordinary hammer driving is as follows: 


R = 


2tih 

a-f"! 


(52) 


In this formula R is the tafe load on the pile, w is the weight of 
the hammer, both in pounds, h is the height of the fall in feet, and 



Fig. 64. 


Fig. 55. 


a is the penetration in inches of the pile during the last blow. 
Sometimes the average penetration during the la.st five blows will 
give a more reliable value. 

Example 1. A pile was driven with a I'/itXI-lh. hammer 
until the total penetration during the last five blows was 13 inches. 
During those blows the hammer dropiied 23 feet. How much is 
the safe load? 


2 trh 2X2,.')(K)X23 
(iXl3;-|-l 


ll.'i.CXM) ,,,, , 

— -- — “'31,944 pounds. 


Example t. It is reqtured to drive piles with the above ham- 
mer until the indicated reristance is 25, (XX) lb. What should be 
the average penetration during the last five blows, the fall being 
then 22 feet? 

«. 2wft 2X2..')00X22 110,0(X) 

2o,(XX)»'— — * — r- 

a+1 a+1 


e 


110,000 

25,000 


— 1*=3.4 inches. 


M 
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Anodier form of pile driver is that known as the “steaOi pile 
driver/' 'I'his consists essentially of a hammer which is directly at- 
tached to a piston in a steam cylin* 
der. The hammer, weighing about 
5,500 pounds, is raised the bright 
of the cylinder, which is about 40’ 
inches, and then falls freely. Al- 
though the fall is so much less the 
blows are very rapid — about 75 to 
80 per minute. The practical effect 
of this is that the soil does not have 
Fig. 56. time to settle between the blows 

and the penetration is more earily 
accomplished, while the ultimate resistance is as great as before. 
On this aofxiunt the con.stant “1” in the denominator in equation 
52 is changed to 0.1 and the formula then becomes 



2 


»+ 0.1 


( 58 ) 


FRAMED TRESTLES. 

85. General Form. Although there are multitudinous varia- 
tions in the details of construction, a very large proportion of 
framed trestles are constructed substantially in amirdance with 
the typical design shon-n in 
Fig. 57. The outer posts are 
generally battered about 1:6: 
the cap and sill are mortised 
to the posts, although split 
* sills and caps can be used ad- 
vantageously. The sway brac- 
ing sliould be bolted on. Al- 
though the mortise and tenon 
joint are most commonly 
uwd, there are many other 
derigns. The ^'plaster jmnt” 

. is one of the most common. This conrists of two pieces of 8-in. 
{dank which are placed on each ride of the joint as in Fig. 58, and* 
are bolted tluough and through. This form has the merits id 

m 
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dieapnesB aixl fadUty for takit^ out and renewing any decayed or 
injured piece. Iron plates are sometimes used in a dmilar manner. 
Dowels and drift bolts are also used, but as mentioned before have 
• lyany objections. • 

86. Multiple Stoiy .G>nstniction. A smgle-«tory framed 
trestle should not be. made over 
25 or 38 feet high. Additional 
hei^t is obtained by dividing the 
height into two or more stories. 

Then since all the Upper stories 
must be of imiform height the 
odd amount must go to the low'cr 
story, as is illustrated in Figs. Fi*. 68. 

59 and 60. Some plans liave 

these stories absolutely independent of each other. This simplifies 
the construction and makes repairs easy, but the trestle will be 
lacking in 8tiffne.ss. These illustrations should be studied with 
special reference to the design of the lat^al 
bracing of the individual lamts and also the 
longitudinal bracing of the trestle as a whole. 
Note that the lateral bracing always runs to 
some ptjint where two or more pieces inter- 
sect, and w'hen ^>ssii>le it i.n so designed that 
even the intermediate poitits are a common 
point for several pieces. A thorough ladting 
at these points greatly stiffens the structure. 
The span between the bents varies from 10 
feet to 18 feet. For high trestles economy 
requires that tlie nimtberof bents shall be 
reduced as much as possible, which means 
that the spans should be increased. But this 
increases the reciuirements for the floor sys- 
tem, and also the load to be carried by each 
I1g.69. 18 feet is about the safe linut for railroad 

rolling stock on untrussed wooden floor beams. 
. 87. Foundations. Trestles are fie<j[ueotly to be classed as 

'^mi^taiy'’ structures. Such wifl justify tiie ute of a foundation 
a mote tmnponuy c^racter than could be toleeated for per* 




m 
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manent work. When time is important and the ground soft, piles 
are sometimes driven and sawed* off a little above the ground. 
They are so placed that a pile eomes as nearly as possible under 
each post of the trestle. Of course, such foundations must be cop- 
sidered as very temporary in character, as they will speedily decay 
to such an extent as to render them unsafe. IxK*u.st or chestnut 
are preferable fur this puqwse. 



Anotlier form wliich is even easier to construct, but w’hich is, 
if possible, still more subject to decay, is the “mud-sill” founda- 
tion. The sill of the trestle is set on a number of timbers placed 
transverse to the sill, the timliers being about 12x12 in. X 6 ft. 
If the groimd is very soft even these timbers may be set tm two or 
more long timlwrs, laid parallel to the sill, as sh<n»’n by the dotted 
lines in Fig. 62. 

When the trestle is intended as a permanent structure, and 
especially when it is intended to ultimately replace it with a steel 

viaduct, a stone foundation 
may be used. If built of 
rough rubble the wall should 
be about 4 feet thick. If 
the masonry was of a better 
' class the wall need not be so , 
thick, but the cost would be 
about the same. Usually a 
single continuous wall would 
be built, but ii the trestle is very high the usual batter adopted for 
the side posts will make the sill very long. With some designs of 
trestles, dep^dmg, how’ever, ori' the plan of the posts, it is per*. 
nussib|e to save scane masonry by omitting portions <d the wall 
between the center and the emhr'^ ' 


nn fin 
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Fig. 61 . 
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88* Abutmeots. At each end of a trestle the natural sur> 
face uauidly approaches the grade line by a slope. If stone founda* 
ti(His were built for the bents, then 
E[^ne abutments would be built 
wMch woidd act as a retuning wall 
for the last few feet of rise and 
which wbuld support the last string- 
ers. When piles are used an abut- 
ment such as indicated in Fig. 6.3 
is used. When no piling is used, 
an abutment may be made in the 
form of crib work. Sometimes one 
end of the last line of stringers is 
merely buried in the earth or is 
supported on a “mud sill.” Of course, all of these latter methods 
, should be considered as temporary. The danger in them lies in 
the chance of these |>laoes being neglecte<l and the decay unnoticed 
until the decayed timber su<ldenly gives way and a costly accid^ 
is the result. 


ilM 


MMD 





Fig. 63. 


TRESTLE FLOOR SYSTEMS. 

89. Stringers. The design of stringers depends somewhat 
on the cost and practicality of obtaining timbf'rs of tlie length 
and thickness tlwt theory would call for as the most economical 

size. Sound timber of the 
required length, and more 
tiictn 16 or 17 inches in 
thickness, is scarce and cor- 
respondingly costly. The 
requi red transverse strength 
for stringers is, therefore, 
obtained by taking as large 
pieces as may be readily 
obtained, setting them on 
edge or with ^ largest 
cross-sectionid dimension 
verbal, and then bolting two <Mr mote of togetiber ode by 
«!ie. Two tind)ers« each 8X16 in., bidted together side 1^ side 
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.^jkh the 16 ui. dipension vertical, are practically as stAmg aa a 
'16x16 in. timber, and are very much easier to obtain in a sound 
•Condition. These stringers should preferably extend over two spans, 
.the lines “bretiking joints.” This requires pieces from 20 to 32 ft. 
in length. The pieces of each line should be separated by “separate 
' which- are sometimes cast-iron spools, 1 or 2 in. long, which 
are strung on the bolts, or are sometimes made of pieces plank 
about 6 feet lung. Bolts are run through the stringers and sep- 
arators. The plunk separators thus serve to tie tlie consecuti\'e 
stringers together. The chief object of the separators is to permit 
air to circulate fn^ely around the timbers. Placing the rough 
sawed timbers side, by side would allow water to soak in and be 
retained, so that decay would be very rapid. The detign of 
stringers is susceptible of exact calculation for the transverse' 
strength required, but as this is a direct application of the subject 
of “Strength of Materials,” the method of design will not be 
elaborated here, except to call attention to the fact that the 
stringers must be designed to withstand not only transverse 
strains, but. also sheading and crushing across the gnun W'here the 
stringer rests on the cap. A very high and narrow stringer might 
have sufficient transverse strength, but might be so narrow that it 
w'ould fail by shearing along: the neutral axis. The same stringer 
might also have such a small area w'here it rests on the cap that 
the safe limit of crusliing across the grain might be exceeded. The 
safe values to be used witli various kinds of woo<l for these various 
stresses may be found in many handbooks. The following dimen- 
sions have the approval of very extensive practice: 


Ctc^ar Span. 

Number of pivoes 
undor each mil. * 

Width. 

Depth. 

10 feet. 

2 

8 inches. 

16 inches. 

12 “ * 

2 

10 “ 

16 *• 

14 

3 

10 “ 

16 " 


90» Corbels. A. corbel in a trestle is the name applied to a 
timber placed on the cap of the trestle bent and on whidt the 
stiingKs rest. Fig. 64. The argument in favor of thtir use seeoas to 
be that they greatly increase the area of pressure on the seat of ^ 
atr^Bger^ They cm al^q be uti^:^ to Und togdher two abutt^ 
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st^ngns. But altiiough the crushing of the end trf the stringer 
nmy be prevented, the area of contact betweep thuforBel and thb' 
cap must be considered, to determine whether crushing mij^it’' 



occur there. There is great diversity' of opinion regarding th«r 
use. Many standard designs do not use them. * 

91. Guard Rails. These are timbers varying in size from 
5 X 8 in. to 8 X 8 in. which are placed near the ends of the ties. 
They are usually notched about I inch at each tie so tha^ they 
• really form tie spacers and thus prevent the ties from becoming 



Fig. 65. 


displaced if a car becomes derailed on the tn'st.e. They should 
be bolted to the ties at every thini or fourth tic. There are vari- 
ous methods of jointing the ends of abutting picers. The method 
shown in Fig. 65, is perhaps as good as any. . 



Fig. 66. 


The name guard rail is also applied to the inner guards whidi 
sieidacedabDutl0in.in«deofeachnul,Fig.66.' These are usually 
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the ordinary T-rails used for traction. These ruls are rdied on to 
keep the 6ars on the trestle if they should become derailed. - If a 
car should become so displaced that the wheel reached the oufw 
wooden guard rail, it would probably catch on it, slew around and 
jump over. Therefore the sole function of the outer wooden guacd 
rail is to keep the ties spaced and in place. 

92 . Trestle Ties. Trestle ties are always made of sawed 
timber. They are longer than ordinary ties — ^usually 9 td 12 feet. 
The depth is frequently much greater, with the apparent idea that 
they may act as a flooring that aill support the rolling stock if it 
should become derailed. For a similar reaimn the spacing is made 
very much closer — generally equal to or less than the width of 
the tics. Sometimes even the ties are notched on the under^de 
where they rest on the stringers. Some plans have a stringer run 

undereach guard rail. Then 
bolts will be run through 
the stringer, tie and guard, 
rail at every third or fourth 
tie. If the ties have been 
notched down on the string- 
ers and the guard rail is 
notched down on the ties, 
then these bolts will tie the 
whole system immovably 
together. 

93. Super-Elevation of 
the Outer Rail on Curves. 
Lo(*ating a curve where a 
trestle is also necessary, is 
in general very objection- 
able, but it is sometimes' 
unavoidable. The objection 
Hes not (mly in the fact that a very considerable force is reqiured 
to guide the train in its circular path, but the force is variaUe, 
depending on the variable speed, and there are apt to be oscillations 
of unknown Awce which will still further rack the trestle. Never- 
tiieless these -forc^ must be provided for as closely as ppstiUe. 
If all ttains moved along the trestie at predsdy the same ’ 
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^ prcA>tem would be comparativdy ^ple. The whole floor 
aystem could be designed to resist the thrust due to the forces devel- 
at that spbed. But ance the speed may vary down to aero, 
and the 'Uain start from- rest while on the trestle, which of itself 
a411 introduce new strains, 
the construcUon which is 
best for the highest speed 
is not Ihe best when the 
train is standing on the 
trestle, or when it is start* 
ing, and vice versa. A few 
of the many designs which 
have been used will be 
illustrated, together wnth 
abrief comment on the 
advantages and disadvan- 
> tages of each design. The 
required super-elevation 
of the outer rail and the 
methcid of computing 
it _ vdU be discussed in the chapter on track work and track laying. 

(a) Inclining floor system and cap; sill horiamtal; outer posts 
longer. Fig. 67. The construction of the trestle bents is more com- 
plicated, but that of the floor 
system is siiflplified. Since the 
stringers <lo not stand vertically 
there is a tendency for them to 
twist when the train b sto^ 
tionary. 

ib) Placing icedges under 
the ties at each tie. Two or more 
wedges are required for each tie. 
Each wedge is bolted by two 
Imlts. The number of jneces is 
veiy' great, but there is the advan- 
taji^ that the ties are not notched or weakened in any way. If for 
any aeason a different $upa>>elevation is desired the' wedges ate ,aU 
1||!^ be chan^^ 


Fig. 68. 
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(e) Placing a wedge under the outer rail at each He, Fig, is. 
This is sioiilar to the last method, but tequires fewer jneces.' If 
the super-elevation is slight, either very long q>ikes must be utod 
or lag screws may be used which will run through the wedges into 
the ties. For a greater super-elevation the wedge must be fae- 
tened, as shown in the illustration. 

(d) Corbels of varying height. Fig. 69. T^e whole floor system 
is tipped as in a, but the trestle bent is as usual, with cap and 
sill horizontal. In all such cases,' where the axis of the post is 
vertical, the lateral bracing of the bent should be made extra 
heavy. It should be especially noted whether the center of pressure 
under extreme conditions reaches the sill too near the outer end of 



Fig. 70. 


the sill. 

(e) Tipping the whole bent on its 
foundation. The advantages and dis- 
advantages of the method under some 
conditions are obvious. 

(/) Notching the cap, Fig. 70. The 
method is mentioned on account of its 
frequent use, but the disadvantages are 
very great. The cap is weakened by the 
notching. Either the stringer or the de 
must be notched at each tie. Usually the 
tie would be hopelessly weakened if it were notched sufficiently, 
|and, therefore, the stringers must be notched. The method is costly 
in construction and objectionable when made. The above methods 
are types of a great variety of plans of construction which have 
been suggested and tried. 

94. Protection Against Fire. One of the strongest objec- 
tions against the use of trestles is the danger from fire. Sparks 
from the locomotive or wayside fires kbdled by tramps and others 
may destroy' %hem, or, what is still more dangerous, may slowly 
eat into the timbers until they are weakened beyond the danger 
fins, and. yet, because the effect of the fire is not apparent to a' 
eaideM inspeotion, it may result in an appalling aeddent. The 
.dangtt from frdUng coals from the locomotive firebox b largely 
obviated by contracting a solid floor or trough on the sfring^, 
Ibe trough bdng filled #ith ball^ and the ties set in the bafli^ 
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as usmkl. Another method is to cover the stringers and cajis with 
sheet metal. A vny long trestle generally deserves the protei;tion 
of a special watchman or track w'alker. Means for fighting a fire 
when <fiscovered are provided by reser\'oirs of water, made perhaps 
from halves of oil barrels, which are placed on the trestle at inteiv 
vals of 300 feet. Three or four ties are made about 4 feet longer than 
the usual length. These form the floor of a platform, which, w’hen 
provided with a railing, forms not only a pla(% for the barrel, but 
also a refuge bay for the track walker, who may be on the trestle 
when a train is pwssing. 

95. Choice of Timber. When a railroad is l>eing run 
through a virgin country where timber is plentiful and there is 
frequent occasion for trestles, it pays to take a portable sawmill 
to the spot and saw the timber as required. Under such condi* 
tions any one of the various kinds of timber w'hich are ever used 
for building purposes will answ’er. If necessary, the cross-sec- 
tions can be increased to correspond with the reduced strength of 
a weaker wood. But when the wockI must lie transported a con- 
tiderable distance and it is practicable to choose among various 
kinds of wood, the selection should be made according to favorable 
qualities. Ties and guard rails should, if possible, be of oak. 
Stringers should be made of oak or pine. Sinre one of the chief 
mes of corbels is to relieve a dangerous pressure a<wss the grain 
they should be made of the hardest w’ockI obtuiiuible, such as oak, 
Wckory or a.sh. The bents of a framed trestle may be made of 
almost aiiytliing, but oak, pine or fir are preferable when obtain- 
able. If the sills are liable to lx.*come »buried 8J»mewhat in the 
ground so that rain will not readily be shed, then some wood like 
cedar, which is very long-lived under ground, might be preferable, 
but the strength as posts will be somewhat less than that of oak. 
The chemical treatment of timber for trestles is seldom ased, except 
for trestles which are partly immersed in water where the teredo 
funoiie is found. Trestles are usually considered to be. so cheap 
and tempcwaiy that conditions which would justify the additional 
enqpeniB dl ch emical treltment would also justify the immediate 
omostniction of a pmnument structure of steel or stone. 

, On the lok&ig {date, Fig. 71, is i^wn the standard plans 
Jbr n framed tiestle as adopted by the Great Nortlmm Railroad. 


m 
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Many of tj|ie cletoils shown will verify those already mentioned, 
while in erther eas»*s the variatitnis in detail represent praetioe equally 
good. The plate is well worthy of a h)ng and close study. 

CULVERTS. 

96. Pipe Culverts. The sc'arcity of stone suitable for mak- 
ing a “box” or “arch” gulvert has led to the adoption fqr many 
localities of pipe culverts, the pipes being made of tile or iron. Fig. 
72. Pij)es have several very great advantages. Their form is 
hydraulically Ix'tter tluin any rectangular form and the surface is 



Fin. 72 . PiiK? Culvert . 

usually very much l)etter tluin an ordinary masonry culvert. There- 
fore they will discharge a far greater volume of water than a box 
culvert of equal area. They are very easily placed without skilled 
labor. Sometimes they are set inside of a w'ooden box culvert 
temporarily, placed during the construction of the road. When 
one pipe of the which it is desired to use has insulRoient area 
• two or mure pipes may be used side by aide. This feature is of 
special value when the head room between the bed of the stream 
and the grade line is limited. Iron pipe usually has such inherent 
strength that . there is little need for special cate in securing a foim- 
dation for the ^pe. A little block of concrete at each joint is suffi- 
.fieht lor ordinary eases, but tile pipe requires aeecure feundation. 
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llie duiger tt> the pipe does not lie so much Jn the mere 
static pressure of the earthwork embankment above it as'in the 
effect of settlement a “green” embankment. If the pipe is 
laid on the natural soil, which might be tolerated if it is very firm, 
'a bed should be carefully scooped out so as to fit the pipe as closely 
as possible. A better plan is to place a thick layer of broken stone 
or brigkbats and ram them to the proper form as a bed for the 
pipe. A still better plan is to place a layer of concrete under the 
whole length of the pipe. The required slope of the pipe depends 
somewhat on the accuracy of the laying and on the permanency 
of the work. A slope of 1 per cent is ample, provided the grade 
be made and maintained uniform, but the effect of settlement may 
be to change such a grade to a negative grade, which would pn*- 
vent the W'ater from lieing carried off. Some standanl plans there- 
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Fig. 73. Old'Rail Culverts. Fig. 74. 


fore require a grade as steep us 1 in 20. At each end of the pipe 
there should lie a substantial head wall of niasunr>'. Some stand- 
anl plans make this wall -v cry large and heavy with elaborate wing 
walls. These arc justifiable on the grounds of preventing the 
water at the upper end from scouring amund t^c ends of the head 
wall or of preventing the outflowing water from scouring away 
the bed oi the stream and thus undermining tlie lower head wall. 
An iron pipe can be used if necessary very close to the ties, 
but a tile pipe ^ould have a cushion of at least three feet b(‘tween 
the tile and the ties. The joints in the pipe should always t?e 
caulked. Clay puddle is much used for this puipose and when it 
it of good quality and the work well done, the results are satis- 
lacfany, but if day puddle cannot be obtained it is better to use 
bydraidic oement. llie cost of the cement is an in.significant item 
bonsidetu^ tba value ci tiie rreuH. 
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Old^Rail Culverts. These have an especial value 'whett 
the head room between the bed of the stream and the r&ils is small, 
and when it Is also necessary to provide for a considerable' flow of 
water. The old rails, even when worn out as rails, still have ^ 
considerable strength as girders and a continuous layer of them 
is amply strong enough to carry the roadbed and the tndflc over 
a six-foot opening. The rails may be bound together by means 
of tie rods run through the webs of the rails, but they may also 
tie confined by stones at each end of the seat course on each abut- 
ment, Figs. 73 and 74. ‘ 

Another advantage of this form of opening, over the com- 
mon plan of supporting the tics on stringers or steel girders, is 
that in this plan the ballasted roadbed is continuous. This is a 
great advantage both from the standpoint of smooth riding and of ^ 
safety. 

98. Cattle Passes. When an embankment crosses a farm, 
cutting it in two, it becomes necessary , for the road to provide a 
passage way through the embankment for the use of cattle and 
farm vragons. Tlie cost of such a structure is compensated by the 
rt'lief of the company from damages due to the cattle crossing the 
road at grade. These openings are sometimes built as large stone 
arch culverts or as old-rail culverts, especially if there is liable to 
be a storm-water flow through them. Another method is to set 
two tn\stle bents at the requisite distance apart; 3-inch planks are 
set behind the bents to hold the earthwork embankment; the 
stringers are notched down so as to take up the thrust of the embank- 
ment. This method naturally applies to embankments which ue 
from about 8 to 16 feet in height. The disadvantage incident to 
all wooden structures set in earth also applies here. There is also 
the disadvantage of a break in the continuity of the ballasted road- 
bed, as well as the danger due to an acddent from fire destroying 
or weakening the structure. W’hen the head room b linuted, a 
ftrst-class permanent construction can best be obtained by tlie 
“old-rair/ method or something similar. 
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FART II. 

MISCELLANEOUS STRUCTURES. 

99. Water Supply. The railroads of the (>ountry spent in 
1910 over $13,000,000 in supplying water to their loromotives. 
Part of this expense is dne to the fact that a bad quality of water 
is so injurious to a locomotive boiler (as well as rendering it diifi* 
cult dor the boiler to steam properly) that the added expense of 
procuring a suitable supply of naturally pure water or of purify, 
ing an impure supply is amply justified. A natural water supply 
is always more or less charged with calcium and magnesium car. 
bonates and sulphates in addition to impurities of almost any 
nature which come in as the refuse from factories, etc. Some of 
these impurities are comparatively harmless, esjwcially if the 
quantity is not large. But the evaporation of the water precipi. 
tates the calcium and magnesium, which form dejmits on the 
sur^e of the boiler. 

These deposits are injurious in two w'ays. In the first place 
the transfer of heat from the fire to the water is less free and 
there is thus a waste of energy, and in the next plaice the metal 
becomes overheated and perhaps burned.” The safety of the 
metal of a boiler depends on the free transfer of the intense heat 
of the fire to the comparatively low heat of the water or steam. 
The prevention of these deposits may be accomplished in one (or 
b(rth) of two ways; the frequent cleaning of the Imilers through 
the xuanboles and handholes provided for the purpose, and by the 
more or leM perfect purification of the water before it enters the 
boiler, 

l!be loeatioD of the water stations must be at such places and 
iotsiTsIs as the service demands. There must always be a supply 
at .the extmnities of esch division and usually at intervals of 16 
to SO in0ea betwagto, . Of course these intervsls are varied aceord. 
htg.to the Ipeatioa of oonveuient soiuees of eupply. The frequent 
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erection of rannicipsl plants for water supply even In small plaosa 
has led to the utilization of such plants, since a suitable supply . 
for domestic use is usually satisfactory for boiler use, and nnce a 
reasonable charge to such a large consumer would generally be far 
less than the cost of maintaining a separate plant. In default of 
such supplies, a convenient intersecting stream, especially when 
pombin^ with an existing but perhaps abandoned mill dam which 
will form a convenient storage reservoir, may be utilized. If the 
stream passes through a limestone r^on, the. water may become 
so thorongkly .impregnated with calcium compounds that a purify* 
ing plant will b^me a necessity and then there may arise the 
question of a choice between a conveniently located station with a 
necessary purifying plant and a less convenient location but a nat. 
Ural supply of purer water. 

The chemical purification of water for railroad purposes has 
become a specialty and must be studied as such. Of course no 
attempt is made to produce chemically pure water as that would 
be unnecessarily costly. The reagents chiefly employed are quick* 
lime and sodium carbonate. The lime precipitates the bicarbon* 
ate of lime and magnesia in the water. Sodium carbonate gives, 
by double decomposition in the presence of sulphate of lime, 
carbonate of lime, which precipitates, and soluble sulphate of soda, 
which is non-incrustant. The precipitates settle to the bottom of 
the tank and are drawn off while die purified water is drawn from 
the upper portion of the tank. Such purification may be aocom* 
jlish^ for a few cents per thousand gallons. Still another method 
of preventing incrustation in the boiler is to introduce directly into 
the water tank a *<non.incmstant” which, as its name implies, will 
so change the composition of the impurities that they will settle, 
harmlessly an^may be readily blown out. 

Pumping. Except when water is obtained from a mutdcdpal 
water BU|^y it must be pumped into a tank or reservcdr which is 
, usually placed with its bottom 12 to 15 bet above the rails. The 
pumping may be done with a wind mill, which is very cheap but 
unrelia^, or by an ordinary steira pump operated by a bcolsr |sd 
with coal, or by a gastdine ra|pue. ^e last method ia beetmdog 
TSiy popular, as pumps lequird^t lldie aMenthm and thoow^ 
of ^iqpenitiBg th<f| has be^fonnd to be aa hnr as oiim*4ihd or eveu 
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one>£oiirth of the cost of steam pampiug. And this ia true in 
apite of the fact that a railroad can usually deliver alack coal or 
aereeninga at a pump house alone the line of the road at a cost that 
may not exceed 80 cents per ton. The cost of pumping to a track 
tank will usually run at from 2 cents to 6 cents per 1,000 gallons. 

Tanka. The construction of the piping from a tank and even 
of the tanka themselves has become a specialty by manufacturing 
firms who can make and sell 


them much dieaperthan may 


be done by any “home-made” 
method, and, therefore, the 
details of manufacture need 
not be here discussed. The 
tank must be so placed that 
its nearest face is about 8 
feet 6 inches from the track 
center. When one tank is to 
serve several tracks or when 
the supply is taken from a 
city waterworks, a “stand- 
pipe” is necessary. This 
consists essentially of an up- 
right pipe which stands 
about 14 feet above the 
ground where it has a hori- 
zontallann about 7 feet long. 
Hiis elbow may be tum^ 
so that the arm is either par- 
and or perpendicular to the 
tradk. As diown in Fig. 76, 



^ valve mechanism is bur- ^ 

led underground and the roof 

of the pit is protected so that freedng shall be obviated. 

. Troth IMh. Bie demands for hi^ speed require that long 
rahs-dian he made without a st(q> even for water. Veiy long 
tuns nau <wly be made by taking on water while in motion from a 
'tnpk. These have a of 1,200 to 1,600 feet and most 
^ Ilii#ena aliiddb;itf ^srfsod^ levd traok. A large item in Ihe 
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expense of installing sncb a plant is the cost of the re>grading 
which is usually necessary to make the track perfectly level. On 
the ties and midway between the rails is a tank about 19 inches 
wide, 6 inches deep and as long as desired. This trough will be 
made of -^finch steel plate, stiffened and reinforced with angle 
bare. Such tanks can only be used by engines which are provided 
with a scoop on the tender which is lowered at the proper time. 
The high speed causes the water to rush into the scoop with such 
velocity that it is easily carried to the top of the leader pipe and 
over into the tender tank. An inclined plane at each end of the 
trough antomatically raises the scoop and when raised it is auto- 
matically caught and held so that there is no danger that the scoop 
shall catch in anything on the track. To jirevont the water from 
freezing in the winter, steam jets should W blown into the water 
at every 40 to CO feet of its length. The steam required for this 
may lie many times as great as the steam required for pumping. 
The cost of such an installation will l>e upwards of 910,000 and 
tile annual expense about 91,500. Of coarse these figures will 
vary with the circumstances. 

loo. Turntables. The turntable proper is an example in 
structural engineering which is now almost universally made of 
structural steel in shops which make such work their specialty. 
Therefore no discussion will be given of the table. But the table 
^nnst be supported on a pivot w*hicli must have an adequate foun- 
dation which must be able to supjiort a load of perhaps 200 tons. 
The table revolves in a pit which is say 75 feet in diameter and 
which must have a retaining wall about it. Immediately inside 
of this wall is a circular track on which rollers on the under side 
of the turntaUe may run if tlie load is eccentric. Since this load 
on the rail may be large it must have an adequate support. 

If the tnftitoble must be located on what is originaUy (dicing 
ground, the masonry may need to be quite deep and heavy, sinde 
the foundation for the pivot should be especially firm. If the 
anbeoil is not self-draining, it should be thorongUy dndaed by a 
thorough sub-drainage and tbo- j>it should be drained by a pips 
leading to a suitable outfall. A turntable is usually located as sfi 
adjunct to a roundhouse, but in any case the location should be 
made so that die switching thalf^ must be done before and after 
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using the table shall be made a minitininu The location of the turn- 
table ill the yard is an item in the subject of Yards and Terminals. 

loi. Coaling^ Stations. The cost of removing ashes from 
the a8h{)an of a locomotive to a suitable dumping ground and of 
supplying the tender with coal may amount to a very considerable 
item unless special facilities are devised for doing the work cheaply 
us well as rapidly. Such facilities are especially necessary when 
the number of locomotives to be taken care of is very great. As 
wdll be seen from the vertical section of a Roberts and Schaefer 
concrete coal loader, Fig. 76, the coal car is placed over the 12-foot 



Fik. 78. El^trioBlly Oponted 2000 -Tod Coalioc Station 
FouitaoB engiOM oaa be supplied BimultaDeouely with ooaT. eaDd, and water. 
Courleey of hink-BtU Company » Chicago 


pjt, 8 hopper receiving the coal from the car and a traveling loader 
(x>nveying it to the bucket hoist. By means of the hoist the 
coal is carried to the top of the tower and automatically dumped 
into the storage bins. In Fig. 77 is shown the plan idew di the 
bucket pit. * 

. Another concrete coaling station built by the Link-Belt Com- 
- paoy is shown in Fig. 78. This has a capacity of 3,000 toOB ol coal 
l^and is also provided with sand bins and facilities for takmg care d 
' the ciaders. * 

102. EiviM Hoiihs. On very small roads, wheia the num- 
ber of engbes to bis housed at any pm place will mvet exceed five 
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or six, a nwtangnlar engine bouse with two or three parallel tracks 
is the cheapest form of iHiustruetion. But as the uninber of 
engines to Ito provided for increases, and as space grows more 
valuable, the roundhouse ” is preferable. Considering the space, 
tracks and switches required to run a large number of tracks into 
a rectangular bouse, the roundhouse will accommodate more 
engines in proportion to the space required. A turntable is a 
necessarj feature of a roundhouse, but since a turntable would 
naturally be located at any point on a road where an engine bouse 
was required the cost of toe turntable should not be considered 
as an integral part of the cost of the roundhouse. 

Engine bouses are used for the minor repairs which oontin> 
nally form a part of the maintenance of any locomotive. There* 
fore a portion of the tracks should be provided with pits’* or 
spaces Iwtween the rails in which work may be done under the 
.<ngine. The enter walls are preferably coustrticted of masonry, 
although wooden structures are not uncommon on cheaper roads*.- 
The roof framing should preferably be of wood, as iron trussea 
deteriorate very fast under the action of the gases of combustiou 
from toe engines. The effect of this is prevented as far as posst* 
ble by smoke jacks,” which are chimneys snspended from the 
roof BO that they are immediately above the engine stack when 
each engine is ])laced where designed. The lower part of this 
chimney is made adjiutable so that it may come down closely over 
the stack. The smoke jacks are variously made of galvaniiied iron 
(very short lived), vitrified pi|ie(too brittle), cast iron (very heavy), 
expanded metal and concrete, and even 'plain wood painted with 
fireproof” paint. The floors are best made of brick; cinders 
are toeap but objectionable, wood is tolerable but lacks durability, 
concrete is almost an extravagance. Considering that the laiger 
roundhoum may contain locomotives worth several hundred 
thousand dollars, fire protection is an important feature. One 
means to this end is toe use rolling steel shutters instead of 
itooden doon. In Fig. 79 is shown some of the detidls of what 
may be considered a typical roundhouse. The figure will illns* 
toato many of the points named above. 

HtS* <rnttts Onarida. The prevaletit opinion that a nflruad 
outtpoiy is veopodrdble for the dcs^ or injury of any cattle which 
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may stray on its right-of-way rsqniree especial precautions that 
cattle, straying along a highway, shall not torn into the railroad 
r^t-of-way. The fnndamental idea is a structure which is not 
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^ aeRMM ivhfcii ^ mils were support^ on wooden stringers. Bul^ 
a lpwpik in the con^nnity of the roadbed and is s 
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very fruitful source of accidents. This form has, therefore, been 
definitely abandoned for “surface” cattle guards. 

Two forms of these are illustrated in Figs. $0 and 81. The 
variations in the fmrface adopted are niultitudinous. Usually they 
are made of iron, sometimes of wood and sometimes of some form 
of tile or cement which is not subject to decay or rust. Any form 
most have in addition the fences extending from the sides of the 
right-of-way up to the' ends of the ties. Tliese fences will be * 
“headed ” by a short guard fence, as shown^in the left of each of 
the figures, which will prevent cattle from stepping over the end 
of the fence. 

TRACK AND TRACK WORK nATERfALS. 

104. Ballast. The ideal ballast must transfer the applied 
load over a large surface; it must hold the ties in place horizon* 
tally; it must carry off the rain water and thereby prevent freezi 
ing op in winter; it must be such that tlie ties may be readily 
adjust^ to the true grade line and it must produce an elastic 
roadbed. The various materials used for ballast fulfill these con- 
ditions in variable degrees and at various costs. The most perfect 
and costly ballast is not necessarily the best for a light trafiSc road, 
but on the other hand many light traffic roads are increasing their , 
operating exfwuses (unconsciously) in a vain attempt to cut them 
down by using a cheap form of ballast or none at all. The prin- 
ci{)al kinds used will be stated with a comment on each one. 

"M u(i. This means no ballast except the natural soiL Some- 
times the natoral soil is sandy or gravelly and will make a-'very 



Fig. St. Hud BaUsM. 


good ballast where it occurs, but no matter bow good the soil may 
be in some places, such a quality cannot be depended on to be eon* 
tinuoos throughout the line of even approximately so. Consider* 
ing ^t a h^vy rain will in one day spoil the resuhs of hredn of 
patient ‘‘'surfacii^^ mth mud Jjullast, it is seldom eomioimcsal to 
use It if there is a ctravd bed or other source of bsillBst aoTsdiem 
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on the line of the road. If it be need, then the drainage 

ahould be exceptionally *perfeot. The earth should be crowned 
fver the ties in the center and the ditches on each side should be 
at least 20 inches below the liaee of the ties. This will htcilitate 
tibe flow of water to the sides. * 

Viwlem. The advantages are a|i almost |)erfec*t drainage, 
ease of handling, and eheapness, for, after the road is in opera- 
tion, their use is but the utilization of a waste prodiiet. The cliief 
disadvantage lies in the dust produced as the j>ar tides are ground 
up by use. Incidentally, a light traffic road would loquire a long 
time to produce enough ashes to ballast the whole road, which 
would imply a long |)eriod of ojieration with no ballast at all. 

aS7(/j 7. In certain places such ballast is very cheaply obtained 
as a waste product, it being given away fur the hauling. It is free 
from dust and the drainage is |)erfect. 

Sheth, jinr coal, etc. These are only used when their prox- 
imity makes them esjHicially cheap. They liecome dusty in dry 
weather and correspondingly imjwrfect in their drainage qualitie*. 
They soon become but little lictter than “ mud.” 

trravel, A large proportion of the railroad mileage of the 
country is laid with gravel ballast. This is Iwcause gravel beds 
are so frequently found on the lines of roads, from which the gravel 
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may be dug with a steam shovel, loaded on to cars and hauled to any 
desired point where it is perhaps unloaded mechanically, the only 
strictly hand work in the whole ojwration being the tamping of tlie 
ballast in the track. Such methods make the cost {ler cubic yard 
very small. The gravel is easily handled and affords almost perfect 
drainage. If tlie gravel contains veiy fine stones or dirt, it should 
baseraaDed over a half-inch screen to take the fine stuff out. 

Broken Stone, ^Dtis is the bast form of ballast obtainable, 
and nanally the moat expensive. Although band-broken stone is 
prefendila, the ooat of machine crashed stone is so maeh less that 
it ia almoBt exdnaii^ly oaed. They aboold be broken eo that they 
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will pHSB through a IJ-inch or 2.iiu:h ring. It is most easily 
shoveled with forks, and this method has "the additional advantage 
that the finest chips and dirt will be screened out. Such ballast holds 
the ties more firmly than any other form and hence is almost an 
essential for roads halidlinga great and heavy traffic at high speed. 
For a light traffic road running few trains and these at very mod- 
erate speed, the use of rcx^k ballast would be almost a ttseleils lux- 
ury unless the broken stone were >ery cheap and gravel were 
exjiensive or unobtainable. 

Amomtt requtruL (1<mm 1 ])iactice requires a depth of 12 
, inches of gravel or broken stone under the ties. With 6-inch X 
8-inch ties spactnl 24 inches l>etwcen centers, the amount between 
the ties will be equivalent to an additional depth of about 4 inches. 



If the ballast has an average width of 10 feet, say 8 feet at the top 
and 12 feet at the bottom, then one mile of track will contain 2,607 
cubic yards. Broken stone rtHpiires a little more than this since 
there should l>e a shoulder of ballast on the ends of the ties. (See 
Fig. 84.) 

Method of laffimj. When ballast is laid during the original 
oonstrurtion of the road, the pro])er method is to haul the most of 
the ballast with carts or on the contractor’s temporary track and 
spread it evenly to the level of the bottom of the ties. Then the 
ties and rails can be laid and a construction train can haul what* 
ever ballast is required for surfacing and tamping. When the 
ties and rails are laid on the bare subsoil and the eonstmotion 
trains with ballast are run over it, the rails are apt to become 
liadly bent pnd kinked. A compromise between the above methods 
is to use light construction cars which may run on the standard 
gauge track without doing the injury that would be caused by 
standard loaded rolling stock. 

6W. 7%e cost of ballart tlepends mi (a) the initial cost as it 
eoo)M to the road, (&) on the distance from tiie source of su^^y 
to the piece when used, and on the method of baudUug. A 
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little thought will show the ,variatioQ iu these items for diifereut 
roads, and therefore any estimates of cost are necessarily approxi- 
^pate. As an woerage figure the cost of broken stone ballast in 
the trade may be computed as $1.25 per cubic yard, and the cost 
of gravel may be put at 60 cents. The cost of placing and tamp- 
ing gravel ballast is estimated at 20 to 24 cents, while the Himilar 
estimate for cinders is jmt at only 12 to 15 cents. The cost of 
loading gravel on cars, using a steam shovel, is estintatud at 6 to 
^0 cents per cubic yard. 

105 . Ties. The *0081 of ties to a railroad is too apt to lie 
superficially considered as the mere market price of the ties deliv. 
ered to the road. The true cost is the cost of the maintenance of 
suitable ties in the roadhtnl for an indefinite length of time. Tlie 
first cost is but one item in tbe total cost. A cheap tie must lie 
soon renewed. The labor of renewal is a cunsiderahle item of cost. 
The renewal disturbs the roadlied, which requires adjustment to 
kiKip it from getting nnevun. The iina>oidah1e unevenness of tbe 
roadbed has an aetnal although uncertain effect on o[K‘raling ex- 
penses, increasing the fuel consumption and wear and tear on the 
rolling stock. It even has some effei't on {tossible or safe speed. 

In round numbers, if the cost of buying and placing a gixid 
tie is twice that of a cheap tie, and the gu<id tie lasts twice as long 
fM the cheap tie, the economies of the cases are m* irly equal. But 
'on the one hand we have the interest on the evtra ost of the good 
tie for the lifetime of tbe cheaper tie and on tbe other hand we 
have the additional cost of maintenance of way when using the 
poorer ties and the indefinite increase of op<>rating cxjienses due to 
u poor roadbed. The annual cost of a system of ties should there- 
foiU be considered as tbe sum of (tf) the interest on tbe first cost, 
($) tho annual sinking fund that would buy a new tie at the end of 
its life, and (e) the average annual maintenance for the life of the 
ti^ which inelndes the cost of laying and tbe considerable amonnt 
c{ subsequent tamping that must be done until tbe tie is settled 
lo die v^faed, b^des tbe regular track work due to the tie. 
Sudi a. method of comparison ia essential in considering the 
eeoaasaiies ot chemically treated ties and untreated ties. 

Wood. 'A good tie roust last as Uh^ as possible ia tbe ground, 
anud fea'hard enoui^ not to he undoly effected by **nil-ettttiog,’* 
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most b« hard and tough enough to hold the spikes, and finallj 
must be reasonably cheap. Throughout the United States some 
of the varieties of oak fulfill these conditions (on the whole) better 
than any other kind. Pine is the second choice, largely determined 
by its local cheapness. Cedar and chestnut come next, while red« 
wood, cypress, hemlock, tamarack and a few others have a lesser 
use. Redwood and cypress are as good as any from the standpoint 
of mere decay, but they are so soft that the rails cut them and 
spikes have but little holding power. Since spikes must be driven 
within a very small area on the face of the tie (for the tie mnst be 
placed symmetrically under the rails), when a spike is partially 
]>nlled up by the rail tending to turn over, the spike mnst be re* 
driven very near its former position. On a curve there is a very 
great force tending to turn the rail over, and when the holding 
power of the spikes is nut very great, they must be frequently 
re*driven. Forcing them down in the same hole is almost useless. 
It thus happens that a tie of soft but durable wood will be ‘‘spike* 
killed ” long before any decay has set in. Redwood ties have 
been largely used in the West, and when they are protected by tie 
plates from raiUcutting, their life in a dry climate is very great, 
especially on tangents. 

Dmenm'onit. Ties for standard gauge roads are 8 feet, 8 feet 
6 inches, and occasionally 9 feet in length. They should be 0 

inches to 7 inches thick, and if 
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sawed should be 8 inches or 9 
inches wide. If they are hewed, 
they should have a hewed fsoe ol 


Fig. 85 about the same amount. Sawed 


ties are a practical necessity tm 
trestles and bridges, and elsewhere tltey are preferable. When ties 


are cut' from large timber, as is now frequently the case, sawing is a 
necessity, but &ere is a general opinion that hewed “pole** ties 
are more durable than sawed ties. In any case the bark should 


be entirely removed before Aey are laid. 

Spaoinff. The most common spacing is 3d inobes from een* 
ter to center, which is the same as 16 per 80*foot rail, whieh b a 
oommon way of stating it. As many as 30 per SO^foot rail are 
stnnetimes umkI if the ties arq, 4 miall, but as this means oa^ 18 
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inches from center to center, tHe space left for tamping is small 
and die snppdrt to the rail may be evei^ less than that given by 
huger ties with wider spacing and more perfect tamping. The 
spacing should not be exactly even as more support is ne^ed at the 
joints. Two ties are placed so that the rail joint is evenly snp. 
ported by them. If the rail joints are staggered,” as is usual, two 
more joint ties are placed somewhat closer together near the middle 
of the opposite rail. The remaining ties of the allotment (say 16) 
per rail urill be divided evenly in the remaining spaces. 

Rules for cutting. It should be required that hewed ties 
should have their two faces truly parallel; the trees should be 
reasonably straight, one rule being that a straight line passing 
through the center of one end and the center of the middle shall 
not pass outside of the other end ; they must nut have severe splits 
or shakes; they should 1)0 cut in winter, or when the sap is down; 
they should be piled for at least six months before being used. 
When ties are furnished by fanners slung the right of 
way, it is specified that the ties shall be neatly piled 
crosswise in piles on ground not lower than the rails, 
the piles to be at least seven feet from the rails. 

Ruleefor layin^g anti renewing. The largest and 
Ijest ties should be reserved for joint ties. Whenever 
•spikes are drawn out, the hole should be pln gg ed with 
a wooden ping which will prevent water from settling 
in th^ hole and thus causing rapid decay. Ties should 
always be laid at right angles to the rail and never 
obliquely. When renewals are to be made; the requi- 
si^ns are to be based on an actual count of ties to be 
renewed and not as the result of any wholesale estimate. 

It !s unwise to use a mixed variety of ties in the track 
so diat tkeir sine, elasticity and durability are very dif. 
iupat. ^ts will, by the variation in elasticity, cause rough riding. 

. Lo<^ circumstances very greatly affect the cost, even 

eame dasa of ties. Railroads sometimes succeed in monqp. 
tailing the tie production in the territory through which they run 
to^haul ties for any other customer or railroad, except 
At-p<wh|l)0iy ndes, and control the price somewhat by refusing 
ttan il^ lowest limit at which the local peode will 
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anj^ly tbu ties. Tbe best ties procurable in a section can thus W 
procured for 45 to 50 cents per tie, and where common labor Is 
very cheap this price is ent even to 25 cents. On the other handj 
the very best of large oak ties will often cost 75 to 80 cents. In 
view of the above variation in price, any estimates must depend 
on local conditions. 

io6. Rails. The form of rail section popularly known as 
the A.S.O.E. section, was adopted by a committee of the American^' 



the A.S.C.E. section, was adopted 
by a comnSttee of the American 
Society of Civil Engineers in 
1893, after a great deal of discus* 
sion and study. That form is 
now used by the most of the rail- 
roads of the country. The numer- 
ical dimensions and angles shown 
in Fig. 37 are constant for all 
weights of rail. The letters indi- 
cate the variable dimenmons, 


Fig. ST. Am. soc. c. K. .Standard which al’e given in the foilowing 

iteU Section. i , , * 

tabular form: 



Abopt 1909 the American Railway Engineering Association 
prt^Kwed'fio types of sections (A and B). Series A is deigned to 


meet the wishes of those who desire a rail with a comparatively dun 
head And high moment of inertia, and series B foe those who bdievA 
that the head diould be narrow and deep and that the moment of 
m^a is comparatively unimportant. The radius dt 
comer of the Head is increased fnun to f ^e dde ^ ' 

headi instead dt hdng left vert||^, has a flare di 3* 35^ A . 

type and 3** fw the 6 ty^ie. In 1914, the Rail Committm reported'. 
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the A^.C.E, sections 'n&e still extensively used and appaiv 
ently had not been largely replaced by the proposed new sections. 

Hie feature in nul de^;n which has excited the most discustion 
b tiie radius of tiie upper comers of the head. Rail wear begins 
there and rafls with sharp comers will wear longer than those with 



Fig. Dtl. UaU Julut. 


♦arger radii. The rapidity of the rate of rail wear after the comer 
has worn off is one proof of this, and so from the maintenance of 
way standpoint sharp rail corners are desirable. But exclusively 
sharp rail comers produce .excessive wear on the flanges of the wheels, 
not only wearing out the wheels quickly but even rendering them 
dangerous and liable to cau.se a derailment. The txanpromise of 
’ ft" radius, adopted in the A.S,C.E. design, was increased to f" 
in the A.R.E.A. design. 

Wtsighi. The W'eight of 
rail that should be used on any 
road is an exceedingly important 
hnancul and technical question. 

It b the largest single item of 
expenditure in the construction 
of a road, and the temptation to 
cut down the item by 5 per cent 
or lOpereentb very great. For 
all ordinary sixes the price per 
ton.ia uniform, and therefore a redaction in weight per yard means 
a ooire^pondfil^ rednetion in the cost. Bnt it should be considered 
, what b dwired b a rail that has atiffnm and fAretujth^ no 
mueii it 
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It can readily be proved that if all aiaea of rails bad ezaotly 
similar crosB-sections (which is nearly tme) Aen the stiffness of a 
»i] varii« as the ttquare of the weight and the strength varies as 
the I power. This means that if we add 10 per cent to the 

weight (and therefore to* 
the cost) of the rail we are 
adding 21 per cent to the 
stiffness, and over 15 per 
cent to the strength. As d 
more concrete example, 
suppose that some desire 
mg «0 Boi,**no Bsii Joint. *0 the weight of the 

• rail for a road 60 lb. per 

yard, and otliers wish to nse a 70-lb. rail. At $30 per ton (of 
2,240 pounds) the Aifferenci of cost will he $471.42 per mile of 
single track. Baton the other band, although the cost is increased 
by 16| per cent, the strength is increased 26 per cent, and the 
stiffness is increased 36 per cent. The increase in stiffness is more 
than doable the increase in coat. Unfortunately there is no ab- 
solute criterion as to the amount of stiffness or strength required 
since it depends largely on the unknown, uncertain and variable 
tamping of the ties and the support which the ties receive from 
the ballast. But the above relative figures bold good, and oonsid-k 
ering that a stiff track means decreased rolling resistance, higher* 



Ftg. 91. OnnUnnouB Ball Joint. 


speed and greater safety, a considerable increase in wri^t over 
tlmt iiduimnm on 'which It would be possible to mo tcuns is not 
only justifiable but is a measure of tme eotmcSny; As a gsnersl 
* 4101610001 ^ it may be ssdff that 60 lb. per yard is the li^^itost' 
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whi<^ aboald Iw used on a standard gauge road running 
ordinary rolling stock, no matter bow light the traffic. Roads 
with a lair business should have 70>lb. rails. The great trunk linos 
are relaying with 100-Ib. rails on the heavy traffic divisions, and 
usually have as heavy as 85.1b. rails on all but the small branches. 

Length. The standard specifications proposed by a committee 
of the American Railway Engineering and Maintenance of Way 
.Association in 1902 contained this clause: “The standard lengtib 
of rails shall be 33 feet. Ten per cent of the entire order will be 
accepted in shorter lengths, varying by even feet down to 27 feet. 
A variation of ^.inch in length from that specified will Iw allowed.*' 



lUg. at WoUwupter Bail Joint and Skictlon Throiieh 

During late years much ex|)erimeuting has l)een <lone with the 
idea of increasing the length of rail, and a considerable amount of 
rails of 46 and even 60 feet has btsen laid. These have the un. 
doubted advantage of saving a proportionate number of rail joints, 
which are always a source of trouble, but at the same time the 
allowance for expansion which must be made at every joint must 
be proportionately increased. The above re^nt standaid specifics, 
iion apparently indicates that the increase in length has not proven 
desirable. 

My. Rail Joints. The action of a heavy wheel rolling <m 
an elasfie rail is to cause a wave of elasticity to run in front of the 
.eofat of oontoct. * A perfect track is one that will keep that wve 
pp^tly uniform, which requires that the rail joint 
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shuald Lave the same strength and stifiFuess as the rail. Only a 
welding of the rails, making them continuous, vronld acoompUsh 
this. Any rail joint which is as strong as the rail is necessarily 
much heavier and stiller. Passing by the older fol'ms which hare 
now become obsolete, we have in Figs. 88 to 93 the forms whidi 
are now competing for adoption. The “ angle bar ’* is still used 
mure than any other kitid, bnt many of the other forms hare 
demonstrated their reliability and fulfilment of the requirements 
as nearly as may be hoped for. Nearly all of these designs are 
nwnl excdnsirely as snsjiended ” joints rather than as “sup* 
ported” joints, the difference being, as the name implies, that a 
sus[)ended joint is placed between two ties so that each end of the 
joint has an equal bearing on the ties; a supjwrted joint is set 
directly over a tie and henc'e muHt get prac'tically its whole sup- 



Fig. 08. Atlay Suspended Rail Joint. 


}>un fnnn that one tie, nnless the joint is so long that it rests on 
the adjacent ties, thus making it a three-tie” joint. 

Angle bars are usually about 20 inches long. Of course, the 
bars, of whatever kind, should be so made that ^ey will fit closely 
under the head of the rail and also have a close fit on the top of 
the flange. This means that every rail joint must be made with 
special reference to the particular design of rail with which it is 
to be used and that it will fit no other design. For the smaller 
sixes of rails and oif light traffic roads, four-bolt angle bars are 
used, but the longer and heavier bars are usually made with six 
holes. The holes are made in a somewhat elliptiasl form and tl» 
track bolt has a coiTes{Wiidiug form immediately under the head. 
The iM^t is thus prevented from turning when the nut is screwed 
pn or off. The holes in the rail are made about j; inch ]ai;ger in 
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diMiitttof tbsn the bolt. This is to allow room for eX|taa8ion bf 
the rail doe to temperature. 

, Insulated fTotnte, Rails are very frequently ustnl to form 
an electric circuit as part of the system of signaling. As an item 
in the system it is required tliat certain joints shall so made 
that no current shall {mbs 
between adjacent rails. 

This requires the use of 
insulated joints. A plate 
of some insulating jna> 
terial is placed between 
the ends of the rails and 
even the joint bars, of 
whatever kind, must 1 m< 

,, , ## Hl?JM InNul itf*4 JtiliiL for Tnw k < Ire iilt 

made of wood, or if of 

metal must Lave the metal lusiiIattHl fiom the lailH. One form of 



cmch a joint is illustrated in Fig. 

io8e Tie Plates. Many of the soft-^ocHl ties are very dun 
b!o as regards decay, but are by the rail very badl). Thu 

is not due to mere static pressuie but to the woikiug of the rail 
on the tie during expansion, and to impac*t when the rail has 
become loosened somewhat fiom the tie and a whiH.d load suddenly 
'forces it down with a hammer hlow*. Th • cutting on curves is 
also due to the excessive pressure prod uc< d by the edges of the 
flanges which is developed by the ccntiifugal action of tlie rolling 

stock. Another advantage in the 



Fta.BS. Tie Plata 


use of Ue plates lies in the twi that 
the spikes are mutually supjiorted; a 
spike cannot be foiciMl laterally in 
the tie without drawing the tie plate 
with it and this is resisted by all the 
spikes passing through the tie plate. 
The cost is insignificant compared 


with tibe added life of the tie, especially if it is a soft wood tie. 
The advantag with an oak tie is not so great proportionally. 

It is very important that the spikes should fit the spike holes 
With but very little play, otherwise one of the primary objects of 
the {date wil} be defeated, and the rail will not be secnee against 
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ing the surface rough and even jagged, decreases rather duuli 
increases the holding power, and also destroys the fibre of 
the wood. The best form is a spike with plane and smooth 
■feces. The point shonld be made so as to cut the fibres of the 



Fig. 118 AllaH Tlt> PlBlP 


trood instead of crushing thcni. liy this itieuns the fibres are 
pressed on tward and downward, and thus any upward pull uni, 
tends to draw the fibres back to their original place and so Incrcuu 
the pressure againa^ the spike aii<l thus incn'ase the* friction and 
the holding power. The standartl spike for rails weighing more than 



Fig. 89. Atto* Bracr KK. Pig 100. All** Bruce K 


66 pounds per yard is 5^ inches lung and inch wjuare. Tiiere 
will be about 375 in a keg of {>ounds. f >n this basis, if the 
ties are 24 inches apart and four are used jier tie, there w ill bo re- 
^ (paired 11,682 spikes per mile or 28.16 kegs, f )f rimrse a consider- 
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Flu 101 Track HoUm 


able allowance must be made for loss and waste of Tarions kinda. 

HI. Track Bolts. The track bolt must have sufficient 
strength to hold the angle plates together with such force as will 
develop the full strength of the angle plates. And yet this must 

be accomplished so that the friction devel- 
ojhhI will not be so great that the rails may 
1-1 ijQfc gliJe in the joints during temperature 
changes. On a straight track the contract* 
tive pull due to a fall of temperature is so 
great that no possibly gripping of the bolts 
could prevent slipping, but it is quite possi- 
ble that when rails expand, and especially 
when on a curve, the resistance to slipping 
might be so great that the track would 
bulge out of alignment instead of slipping 
at the joints. Such an effect does actually 
take place when the allowance for expansion is insufficient and the 
rails continue to expand after they liave butted end to end. 

Another reqiiireinent is that the bolts shall not turn while 
the nut is being turned. This is accomplished by aa enlargement 
of the bolt just under the head, as sho\tn in Fig. 101. This fits 
fairly closely in a corres{)onding oval-shaped liole in the angle 
plate. The sizes shown in the figure are about what should be 
used ith a 70 or 80.pound rail. Heavier rails require a longer 
bolt and one that is projKjrtionately li(*a\ ier. The type of rail 
joint usihI, and also the type of nut lock if any, will determine 
the required length of bolt, a bile 
the weight of rail should deter- 
mine the diameter. Tlie diam- 
eters varj from | inch to I inch, 
and tlie lengths from 3 inches to 
5 inciies. 

iia. Nut Locks. There are 

three types of nut lock — (le) those which have an elastic cushion 
under tlb<^ Q^t which absorbs the vibrations that would otherwise 
loosen die nut, (/>») those by which the nut is made to grip the 
befit (by some unusual device) so that vibration will be inw^menit 
to loosen it, and (e) the positive ” type, in whu^ the locks srefsfe^ 



Tig 101 Ajax Tan Washer. 
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veiitwl from turning by some definite and jKisitive meidianicjil chock. 

The ** Ajax Tail Washer/’ shown in Fig, 102, is a sample of 
jthe first class, although it also has some of the elements of the 
third class, since the sharp steel points will lend to bite into toth 

the under side of the nut 

* and the side of the angle 
plate where it rests 
whenever there is a tend- 
ency for the nut to turn 
backward. These points 
merely drag and slip 
wdien the nut is Inung 
tightened. 

The Columbia nut hn'k, shown in Fig, lOIt, is a sample of 
the second class. The nut is compound, the inner piiM*e luung a 
four-sided frustum of a j)ynimid, the i^lges being rounded. This 
fits into a corresponding recess in the imter piece. The inmu* 
piece is also cut through so that it may he slightly squeexed 
together. The pyramidal form rcijnires l oth ])ieceH to turn to 
** gether. When the oult'r pie<v conics in eontaet it h the angle 
plate it is forctnl hack (rclatiwly to the inner oieecM wliieh squeezes 



Kit;. liKI. ('ithimhtji Niii Ltu'k. 



FIk- iW. (ionlon Nui 

ih© inner piece together and (pauses it to grij> the holt. The more 
nut is turned, the tighter the grip. 

The Gordon nut lock, show n in Fig. li>l, is a sample of tlie 
fliiid dhws, although it is designed to Iws used only with the form 
of ]^te ^which is shown. . In the form shown die square 
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nuts must be turned until one edge is exactly on line. A one- 
eighth turn forward or back will always accomplish this. Thus 
when the bar is slipped in all nuts are absolutely prevented from 
turning. The above designs have been selected as mere samples ^ 
of each class from a great multitude of designs of greater or less 
merit which are on the market. * 

LAYING TRACK. 

113. Surveying. After the earthwork is completed and the • 
culverts and bridges are built, the center line of the track must be 
re-located on the roadbed surface of the fills and cuts. Reference 
points should have been established during the original survey so 
that by the intersection of two radii swung from jK^rmanently 
establishe<l jM)ints the beginnings and endings of all curves may- 
be re-located. Then all interim‘diate stations should be filled in. 
A line of levels sliould then Im^ run and the atrreement of these 



KIC.IIT, WKOKG. 
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levels with the ilesigned grade should be determined. If the levels 
of the cuts and fills has l>een followtHl with sufficient closeness 
during construction, there should he no discrepancy except that the 
levels of fills should lie somewhat higher than that caUed for so as 
to allow for subsequent settlement. 

114. Laying Ballast.' Tliis has already b^n discussed in 
§ 104 , as has also the policy of laying the ties and rails first and 
then dra\^’ing the ballast in a construction train on the poorly 
supported track. 

115. Laying Ties, If the ties have been sawed to an exact 
length, the alignment of one eud will of course line up the other, 
but when ties have Ihwu hewed and chop{)ed off and sometimes even 
when they have been sawed, there is a range of several inches in 
their length and then it is required that they shall be aligned at 
one end or the other, A little^tick may be furnished the track# ' 
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men as a spacer* Imt with a little ax],ierience they will space the 
ties as closely to the requiriHl s|)aci]ig as is net'essary. The ties 
•should always laid with rings coii\c\ upward rather than con- 
cave. Of course a jxde tie, when it is jHn*ftH*tly Hynniietrical, will 
be the same either way, but there is Uhiially a choioo, as is shown 
by the figure. When the rings are concave upw*ard there is a 
greater chance for water to soak in and cause divay. Turning the 
*tie the other the water will shed off more frwly. 

ii6. Laying Rails* Ivtiils should 1 h^ laid so that the joints 
are staggered a.s neaiTy as |)ossib]4^ This requires a half- rail length 
at the start. But the iliffeivnce of length of the outer and inner 
rails of a curve will disturb the arrangement of the joints, no 
jmatter how jK*rfectly it may start. These differenees may Ihi neu- 
tralized by selecting rails wbicli are a foot or tw'O shorter than the 
usual length. But the occurrence of a sw'itcli will rtHjuire a read- 
justment of the joints* and may re<{uire a rail eutting so as to bring 
a joint where desired. Very short lengths of rail should he 
avoided. If a full length rail comes a few feet short of a poin: 
where a joint mvHt lie made, it should he eni so that both pieces 
shall have a fair length. The rails are first laid ap])ro\imately in 
position and end to end. 

When placiiig the joints on the rails* allow'ance rnUBt he made 
*for rail expansion clue to tempi*rature. The theoretical amount to 
be allow^ed is of tlie length for each degree^ Fahrenheit, 

If it could l>e readily deterniincHl just what is the teiiqierature of 
the rail (wdii^h is [lossibly much higher than that of the air) at the 
time the railtsjaid and also the highest and lowest temfMJratiire 
that it will ever attain, the problem wemid lHM*ompuratively simple, 
but the fact that these quantities are so uneertain seem to render 
useless any attc^mpt at an exact calculation and to justify the rough 
and ready rule of ‘‘allowing inch for coldest weather, j^dneb 
during the spring and fall, and ^^g-incli during the very hottest 
weatben” The allowance of ,‘ 5 *in(?h during the very hottest 
weatbiM* is apparently based on the idea that the rails should never 
be allowed to butt up against each other, for then any additional 
expansion will cause the rails to buckle. If a rail was laid when 
nta actual temperature was 00^ F,, its length of feet would be 
increased by about | inch if its temperature were raised to 
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120'', as readily liap})en under a burning suniiuer 8un when 

the teinperatnn^ of the air fn the shade was j)erhapB 100^ A prac- 
tical method of making an allowance wdiich would he sufficiently 
accurate would he as follows: Place a bulb thermometer (one 
witliout a metal frame) so that the bulb lies against the rail ana 
then cover it up so as to protect it from the air and so that it will 
assume the teuijwrature of the rail as closely as possible. The 
expansion of a 33- foot rail for each degree is 

.0000005 X 33 X 12 .002574 inch. 

If we allow 120' (some allow 150") as the maximum beyond 
wdiich it is assumed that the temjierature will never rise, then the 
ditfereiice between this maximum and the ascertained temperature 
of the rail, wlien multiplied by the above allowance j)er degree, 
(‘(juals the gap to be allowed at each joint. Strips of sheet metal 
of the rcipiired thickness should bo furnished to the trackmen. 
These stri[)s ^ure place(l tein|K>rarily l>etweeu the rail ends which* 
obviates any necessity for measuring on their part. When the 
joints have been bolted up, one line of rails is spiked so that they 
are at the proper distance from the ends of the ties. Then by using 
a “track gauge"" at every other tie the other line of rails may be 
spiked down. The intermediate ties are then spiked. “ Standard’^ 
gauge, which is in almost universal use in this country, is 4 feet 
Si inches Jct 4.70S feet. Although the gauging should be all right 
for these other ties, the gauge should be at hand to check the 
previous work, esjHHually if it is on a sharp curve. Track instruc- 
lions fre<juently specify that rails should be previously bent before 
laying around curves, or in other words, that the rails should have 
the proj)er, curve wdien lying freely 6ii the ties. Of course the 
iKWssity for this increjises with the degree of curvature, it being 
uunecessail^ for very easy curves. 

The practical trouble comes at the joints; tbe rails instead of 
having a common tangent will intersect at an angle which is de- 
fiimetive lK>th to the track and the rolling stock when trains are run 
at high speed. The ideal tnethod is to have the rail liending done 
^ hlf rolle^ in a rolling mill and this method is almost a necessity 
ifor the very sharp curvature employed on eotne electric roads, ^ 
The field"%ietliod i» .to nse a *^rail bender” which bends the rail in 
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lengths of about two feet and which niust \wi operated very care- 
fully and skilfully to avoid ruining the rail. A rail is l>ent until, 
• when a string is stretched from the inside of the head at one end 
to the inside of the head at the other end, the distance from the 
middle point of the string to the inside of the head 
at the middle of the rail is as computed 

In Fig. 106, since the triangles AOE and 
, ADC are similar, AO : AE :: AD : 1>(\ or U 

” 2 ^ AD* ,r. Wheij as is usual, the are is very 

short com^iared w’ith the radius, AD — - J Ali 
very nearly. Making thia Htilwtitution, wo liavo 

cluinl* 

^ •'♦’arly) (54) 

Inverting the fornuila we liave the forniula re<|ulriHl for preaent iiBe; 

chord* , , , . 

SK (very nearly) (55) 

Although not inathoiuatically aconrate, the ntaxiinnni ern>r in any 
practical case ia far within the attainable at'cnracy uaing a string. 

• Example. What should l)e tbo middle tnjinate for the oiiUw 
rail (33 feet lung) for a (J degree curve ? We will call the chord 
33 feet since the slight inaccuracy involved only tends to iKsutral* 
ixe the inaccuracy of the formula. U -- '.♦555.37 + y.3.5 = H57.72. 
Then 3.3* (which equals 1089) dividtHl hy (8 x 957.72) *= .142 
fwtor 1.70 inches. If a similar calculation is made fur the inside 
rail the difference in the ordinate is less than .01 inch, which shows 
that unless the curvature is excessively sharp there is no need to 
make the allowance for half-gauge (2.85, as is done^abot^ npr even 
to use great accuracy in. the decimals. A table giving the middle 
ordinates for 33-foot rails for different degrees of curvature is a 
deairable part of the equipment of each track foremau. . ^ 

The spikes on the opposite sides of a rail should he drivetf 
“staggering,” so that there will be less tendent^ to split j^he tiict 
.^Rie direction ct the sti ^g ering should be reversed at the. jwo ends' 
of the tie, so as-to prevent a loosening of the 'bold of dtl epikes, 

1 « 
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such as would occur if the reverse method were used and the tie 
were to bct-oine displaced and not perpendicular to the rails. Such 
an it«*in of construction, while very simple, is of vital importance. 

117 . Surfacing.* Track centers (stakes) having been placed 
in line, the alignment of the track is made ])erfect. The rail lay- 
ing should have been done with the rails a few inches below their 
proper grade. Then jacks are placed under the ties (or rails, as 
most convenient) and the track is raised to grade, as given by 
grade stakes which sliould have been previously set. Using tamp- 
ing picks or shovels, the ballast is jammed Under the ties until 
_ they are solid at the desired grade. Picks or 

' tamping bars are best for tamping broken 
stone ballast, but gravel can be most easily 
HL tamped with shovels. 

118. Super-elevation of the Outer Rail 
on Curves. It is one of the demonstrations, 
of physics that the force required to make a 
• mass move in a circular path equals -f- 
^U, in which ii is the weight, v the velocity 
in feet per second, the acceleration of the 
force of gravity in feet ]:)er second in a sec- 
ond, and It the radius of curvature. If the 
rails on a curve w^ere level transversely, such 
a force could only be furnished by the pres- 
'oan™ilok sure of the wheel flanges against the rail. To 

avoid this objectionable pressure, the outer 
rail is elevated until the inward component of the inclined wheel 
pressure ecjuals the computed centripetal force required. 

In Vig. 108, ob may represent the resultant pressure on the 
rails at« (be same scale at w'hicb oc represents the weight G. Then 
ao is the required centripetal force* From similar triangles, we 
may write ftn : sm :: ao ; oc. Call g — 32.17. Call R = 6730 
D, which is sufiiciently accurate for the purpose. Call v =s 
6280V -4 in whiqh V is the velocity in miles per hour. 

mn is the distance lietween rail centers, which for an 80-lb. rati 
and standard gauge is 4.916 feet; sm is slightly less than this. As 
HU average value, c^ll it 4i{K)t), which is its exaot value when the 
super-eVv^ion 4| inches. Calling m s=; e, we have 


Fig. 107. Triv ftnllnst 
Oang .Tack 
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^ o X 5280»V‘D 

^ <w ~ ^ ~ 32.17 )<“8W X 5730 

= .0000572V*D (56) 

Studying the above formula, it will first be noticed that the 
required super-elevation varies as the of the velocity, which 

means that a change of velocity of only 10 per (unit would reipiire 
a change of super-elevation of 21 per cent. Since train velocdties 
• over any road are so very variable, it shows that it is impossible to 
make any super-elevation fit all trains even approximately. There 
are several approximations in the above formula, but none of th 3ui 
will affect the result as much as a change of less than one per cent 
in the vehxiity. 

Practical Rules. A very simple and commonly used rule is 
to elevate one inch for each degree of curvature. This rule agrees 
with the al)ove formula when the veloc^ity 
js about 38 miles per hour. If a train is 
running slower than the sfXH^d for which 
the super-elevation was designed, the 
practical effect is to relieve the pressure 
against the outer rail which fitill exists in 
spite of super-elevation on account of the 
^ necessity of turning the groups of four 
or six wheels under a truck or engin(^ 

Therefore the better plan is to elevate for 
the fastest trains. Thirty-eigiit miles an hour is ho near the max- 
imum for a light traffic branch line, that the. above rule is very fair, 
although, of course, not so good as a more accurate one. 

Another rule, which is esjxjcially gocxl for track maintenance 
when the track foreman may not even know the degree of curve, is 
developed as follows: Assume that x in* equation 55 is equal to e 
in equation 56, and we have 


(57) ; 


= .0000572 V'D 

bat •inee D — 6780 R, we have 
chords = 2.621 V* and 
o/Um; s 1.62 V 
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ABSuiiie that the liiriit of 50 miles per hour is set as the 
speed of . the fastest trains, then chord — 1.62 X 50 = 81 fe^ 
This means that if a string or tape, having a length of 81 feet, is, 
stretched between two points at that distance apart on the inner 
head of the outer rail, the length of the ordinate at the middle of 
the string equals the required super -elevation for 60 miles per 
hour. Similar computations can be made and tabulated for all 
other desired speeds. On double track, since the speed on an 
ascending grade will almost certainly be less than the speed of 
trains coming down that grade, there should theoretically be a 
difference in the super-elevation to allow fur this difference of 
speed. On some' roads the track instructions contain specific 
instructions to allow for this. 

SWITCHES AND TURNOUTS. 

119. Switch Construction. The universal method of keep- 
ing the wheels of railroad rolling stock on the rails is to pul 


!0 




flangss on the inner edges of the wheels. When the iHieels are to 
be led away from the main track, it must be done oreatii^; a 
new pathway for these flanges. Hiis is done by leadii^ the wheel, 
flanges the rails or by raimng the wheels saflSetotiy so 
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that they may pass over the rails. Both methods viji be de- 
scribed. The method of leading the flanges through the rails is 
most commonly used since it does not require raitthtg the rolling 
stock over the rail. 

When the rails are first led out from the main track, it must be 
done by one of two general methods, the stub-switch method, 
illustrated in Fig. 109, or by the point-switch method, illustrated 
in Fig. 110. Of course these flgures are only diagrammatic and 
it shonUi be at once understood that in these figures as well as in 
many others in this chapter, it has been necessary to use rery 
short radii, very wide gauge, and very large frog angles in order 



FIk. 111. of Poliif SwUobi. 

to illustrate the principles by figures which are suitable for the 
|)age and which would at the Bsin<^ time l>e intelligible. 

The use of the stub switches is now confined to the cheapest 
of yard work or private switches which run off from sidings. They 
should never be used in any main track. Their construction may 
l)e implied from Fig. 109. The pair of movable rails are tied 
together at the proper gauge by tie rods. The two pairs of stub 
ends are of course fibced. Tbe details of a point switch are illns- 
tmted in F^. 111. Note that one rail on each side is absolutely 
unbroken. The other rail has nearly all of the head cut away and 
a part of one flange. The other flange and the web, with that 
part of the bead immediately over the web still remains. tie ' 
rods which are dearly shown connect this pared-down rail witli n. 
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similar rail on the other side. The last tie rod has an extension 
to which the switch rod from the switch stand is attached. The 
moving rail slides on tie plates which have rail braces on the outer 
ends which stiffen the rail against the unusual lateral strain to 
which it is subjected. Tlie angle of these switch points varies from 
0“ 52' to 2“ 36'. 

tSinitch Stmuh. One type of switch stand, which also com* 
bines a semaphore (or signal which shows its ]K>sition) is shown in 



Flff. 113. Switch Stand. 


Fig, 112. The inecbanisiii is of course covered, the cover being 
indicated by the faint lines. The type shown is but one of a 
niulritude for which there is no space here. 

QiM’rtl Itaih. > Tliese are shown opposite the frogs in both 
Figs. 1(H) aod 110. The)r obviate any danger of the wheel rah- 
uing on the wrung side ' of the frog point and also save tilio frog 
point from excessive wear. The Hange-way space Itetweea the 
heads of the guard rail' and the wheel rail mnst therhfdre not 
exceed a dehnite quantity, which is mado about tiro'lnche^ Siaoe 
this is less tluui the dl^tipice between tho hei^s df two wdinary 
giaed when ^hteed hue to hase^' td sa^ homing of aay sj^he 
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for BpikeSf the base of the guard rail must l)e cut away somewhat. 
These guard rails are made from 10 to 15 feet long and are lienl a 
few feet from each end so that there shall be no danger that a 
wheel flange shall strike the ends. 

Frogs. When the outer switch rail reaches the opposite 
main rail, the wheel flange must either pass through the head of 
the main rail or the wheel must i)e raised so that the flange may 
pass over the rail. The most commonly used frogs are tliose of the 
type of which the wheel flange passes through the head of the rail. 
Tlje geometrical outline of such a frog is shown in Fig. 113. 

The frog mimher may be found by dividing the distance from 
the ‘‘point” to any chosen place hy the width of the frog at that 
place, or in the figure ^7/ -f- oh. But since r is the imaginary 
intersection of the sides produced and is not easily determinable 
with accuracy on the frog, it is sometimes e»isic‘r to measure the 



width at tw'o places {&l and oh'^ and then diviiie the sum of those 
widths^ by the total distance this will give the same result as 
before. This measuring may lie done with any convenient unit of 
length such as a pencil or a spike. Find the place vrhere the 
width of the frog just equals the unit of length and then step off 
that distance to the “point.” The fundamental objection to all 
frogs of this type is that they make a break in the main rail 
which causes a jar when a train is run over the frog at high speed. 
If the frog is made “stiff” as is illnstratcd in Fig. 114, the track 
has the advantage of lieing literally stif^ hut the wheels have to 
ran over the gap. The design shown in the figure aims to obviate 
any drop of the wheel at any point and this will i:ie fairly aecom« 
plifldhed as long as the hardened steel faces can resist the wear 
which ie veiy severe in the older and commoner designs. 
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The ^^sprin^-rail frog, illustrated in Fig. 115, is an attempt 
to obviate the gap for main line trains. Wheel 
flanges running on to the switch force back a por- 
tion of the main tracfk rail which is normally held 
in place by a heavy spring. Running on to the 
switch is supposed to l)e done at comparatively 
slow 8{)eed, wdiich permits the rail to be forced 
back without danger of derailment. But since 
the main rail is kept in place by the pressure of a 
spring, the frog lacks the stiffness of a ‘‘stiff” fnog. 
The method of raising the wheel and carrying it 
over the main rail is illustrated in Fig. 110, which 
sifows one of the many devices to accomplish this 
end. The method has the very positive advantage 
of leaving the main trnck absolutely unbroken. 

In Fig. 117 is shown a method of avoiding a 
break even at the switch. The switch rails are at 
the level of the main rails at the swdtch point but 
gradually rise higher until the wheel flange is 
liigh enough to cross over the main rail. Such 
a switch must l>e operated at slow speed. 

120. Mathematical Design. In all of the 
follow'iug demonstrations, the track lines repre- 
sent the gauge lines or the lines of the inside 
head of the rails. The older formulae, which are 
still in extensive use on account of their simplic- 
ity, all assume that the switch rails are bent to 
arcs of simple curves extending from the switch 
point to the frog, and that they are tangent- to 





• . Section A-A 

Fifip. Ui. Anvil-face Frog. 

the main rails at die switch point. On acoount of its ^common 
use and also because it"^ forms a fitting introduction to the more 
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exact method, it will be 
given. In all of the fol- 
lowing demonstrations, 
the following notation 
will, for simplicity, be 
kept uniform. R will 
represent the radius of 
curvature of the lUHiii 
track, if it is curved, 
and T is the rad i 119 of 
the switch rails. V will 
always represent the frog 
angle, and y the gauge 
of the track. L will rep- 
resent the ‘‘lead’’ or tlie 
distance measured 011 
' the main track from the 
switch j)oint R to the 
frog point F. 

The angle FOl) in 
Fig. 118 equals the angle 
F, and BD is the versed 
sine of F to the radius 
FO. From this relation 
we may derive the equa- 
tion 

’■+ Ti' 

also, since BF \*>\) -= 
oot-^F, BD = g and 
BF = L, we have 

h = gcot-^F (59) 
Also, ‘ 

it— ^r+ «"< I*' 

( 60 ) 




m 


PUT. 115. SpriQK-rail Proir. 
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and QT = 2r sin F (6l) 

All of the above formute involve the angle F. Reference to Table 
III* will show that with one chance exception the values of F are 
always odd and the accurate computation of their trigonometrical 
functions is tedious. P^ig. 119 shows that the ratio of the length 
to width of a frog, or /jo -f- which is called w, is also equal to 

2 cot This relation can be used to derive the following 

inarvellously simple formuhe: 



Fig. lie. 


feince L cot P\ and ti ==^ cot -^y P\ we may at once 
derive the equation 

L = 2ffn ( 62 ) 

But ill P'ig. 120 the line QZ, drawn midway beiysreen ^e raile^ 
bisects I)F at Z and also, since DQ is one-half of QZ is one- 

JM{ of BF or = ^ PQ = ^ the angle ZOQ = 


*S«a VB|bib*8 ^'Trtgoaometrtc T»ia«8.*' imaUalieS by AiaarloaaSolioMofOor^^ 
«tlis«,Oilo!l||p^llL PrloS»* 8Sc. 
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Then r L = cot F, from which 

r = nL (63) 

Ck>nibining equations 61 and 62, we have 

r - 2^r«* (64) 

The above relations only lack tlie merit of correctness of 
application to make the whole subject very simple. They were 
iirst devised when stub switches were in universal use and although 



Fig. 117. 


it is theoretically ixissible to make a slul) switch conform to these 
lines, it is impracticable even there. Bnt with point switches, 
which are in almost universal use, the switch rail makes an angle 
varying from 0® 62' to 2® 36' with the main mil. The frog roils are 
also made straight. 

effeetlbf each of these changes, taken separately, is to 
shorten Ae lead. The combined effect is to shorten the lead- from 
IS'to S6 per cent. In Fig. 121, DM represents the straij^t point 
ndl and HF the straight frog rail, the two being eonn^t^ by tiie 


#9 
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arc MH, tangent to both. The central angle of this arc is there- 
fore (F — a), o being the angle (MDN) of the point rail. The 

chord Mil makes an angle with the main , 
rails which equals 

A(F-a)+a--= 2 -(F + «) 

Call FJI = MN = l\ Then IIM siu 
-J- (F -t-*a) = g -/sin F - 1‘. But IIM = 

(r -1- </) 2 sin (F - o). Substituting 

this value of HM in the previous equation 
Mini solving for (/• f- wehave 
//- /'sin F-X’ 

2 sill (F -I a) sin ( .1^' *“ «) 




vN 

! 

f : 

N. 

\ 1 




■J-, 


Fig. ns. 


('* + o if) 



-4-4^ 



~ in -f 8'» I*’ - (t’ + a) + / 

cos F 4 DN (67) 

If ('/' + fir) has already been computed. 

«w 

numerically from equation 66, it will be 
more simple to compute L as follows: 

I L= 2(r+-|-^)Bin-||(F-a)co8-|- 


(F 4- a) 4-/eoBr + DN 

(»* 4- F) (sin F -ttMii a) 4-/cob F 4- DN (68) 
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If the lead is computed for a turnout from a straight track 
using a No. S> frog^ a straiglit [xilnt rail and frog rail of thediiiieii* 
aions given in the middle section of Table III*, it will l>e found 
that the lead becomes 72.61 instead of 84.76, the correB}K)ndlng 
dimension assuming that the 
lead rails were circular through- 
out. Table III* was computed 
on tlie basis of the above equa- 
tions and the point switcli di- 
mensions which are in general 
use. The two references to sec*- 
tion inimbers in th^ table are to 
sections in Webb’s “ I tail road 
( onstrnction/’ from which the 
tables w'ere taken. 

121 • Turnout from the 
•Outer 5ide of a Curved Track. 


> 
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Kia. 121. 

When it is attempted to compute 


the dimensions of a turnout, from a curved track on the ba: }'. of 
using straight point rails and straight frog rails, it not only renders 
the demonstration execedingly complicateil, but it would involve 
assumptions regarding tile meehauical construction which pn>bably 
. ould not be follow’ed in practice. Tln^refore the following dem- 
onstration is given with the pnr[)Ose of snowing the effect on the 



switch dirnenslor^ of curving the main track, the switch rails being 
circular throughout, and then drawing a reasonable inference as to 
the dimensions which should 1)6 followed for point switches from a 
curved main track. In the triangle FCD, in Fig. 122, iwe have 

.*9m *'Ti1|WM)tMtrkrT.MM,"|iaUMw4 Iqr AnMrtcM (lelMi»l tit Oomagaait^ 
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(FC+(’l)) : (F(’-(’D) : : tan I (FDi:+DFC) rtanJcFDC -DFC); 

ib 2t 

blit -1- (FI )( ’ -f f )F( ’) = -^e, and ~ (FDC - DFC) 

2 2 2 2 

also FC+C1) = 2R and FC-(l>=j; 

211 : : cot d : tan -j- F 


1 

: ; cot - , 

I ^ 

tan B 


- F : tan ^ 

_ </»■ 

_ 


(69) 


Mho, of : FC : ; nin 6 : sin «/>; but «^ = (F - ^) 

.* I /.. 1 \ sbi 0 , ^ 

then /• + <! - 2 

The leaf], RF - L ■ - 2 (u ^ </) niu ^ (71) 

A study of tlu^ three equations above will show that as tJie 
curvature of the main track increases and U grows less, tan 0 
increases and 0 iticreases. Then (F ~ 0) decreases and /* increases. 
“When 0 — F, as it readily may, (F - — 0 and /* teconies infin- 

ity, that is, the switch rails become straight. If 0 becomes greater 
than sin (F-^) becorm^a negative and r becomes negati^. 
Tlie interpretation of this is that the center of the switch track will 
l)e on the same side as the center of the main track. The figure 
will then corresj)ond with Fig. 123 except that the positions of O 
and 0 and also of ^ and 0 will be transposed and also that main 
track^ should read side track.” Equations 73 and 76 will be 
the same as before, but equation 74 will be changed to 

{r - -.V f7) = (R + 4 r/) (7*) 

If we call the degree of curve corresponding to the radios ♦*, 
D the degree of carve corresponding to the radius R, and d* 
degree of curve of a turnout from a straight track for the same 
r, it jFill be found that' - D very newly. It 
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will also be found Aiat the ascoinputed above and as tsoxn^ 

puted for a straight track will agree to within a few inches and 
^ frequently to within a fraction of an inch* 

Eimmple: Compute from the above equations the values of 
L and r (and then of d) for the eases when the nmhi track has a 
4*" degree curve and when it has a 10' curve; solve them for imm- 
bt^r 0, U and 12 frogs. This makes six cases. Compare them wdtli 
values computed by the approximate rule. ^ 

In all these cases it may be shown that the discrepaficies are 
very small. If suchi calculations are made for very sharp curves 
and for very large frog angles (which must be considered as bad 
pmctice j, the di8crej)ancies would be considerable, but since* such 
turnouts (if ever made) should be operated at very slowjjpeeds, the 
errors would have hut little practical imjiortamte. Therefore we 
are justified in applying the approximate rule for turnouts from a 
curve<l track -use the same ‘‘lead’’ as for straight track; tlie de. 
•gree of curvature for the switch rails to ouf/tldt^ of the main 
track will 1 h^ the diferenre of the degree of curve for the iruin 
track and the tabular value for ‘the degree of (Mirve of the swiMh 
rails; for a turnout to the htnUle. of a cnrve<l main track it may l»e 
similarly shown that the proper degree of curve for the switch 
rails is the n^im of the degrees for the main track aud the tabular 
value for the switch rails from a straight srack. 

Also, since it may be shown that the effect of using straight 
point rails and straight frog rails is to shorten the lead and to lessen 
the radius in approximately the same proportion, it may assumed 
without material error that we may apply the same rule as above, 
and instead of taking the values of “ lead ” and “ degree of curve ” 
for the switch rails from the tabular form which uses circular, 
switch rails throughout, we may take them from the revised form 
using straight switch rails and straight frog rails and apply the 
same rule. 

122. Turnout from the inner Side of a Curved Track. By 

the formation of precisely similar equations as were used in the 
pcevibos section, we may derive the equation 

( 73 ) 

m 
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From the triangle OFC we may derive 
OF : FC :: Bin ^ : sin (F + 6), from which 

(»• + I !/) = (k - -|-j) *)- 

Tli» loud BF = L = 2 (k - 4" !/) 4 * 


(y*y 

(7S) 
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The details of tlie solution of the 
alx)ve e(|uatton8 should be worked out 
by the student; also a nuirierical dem- 
onstration of the fact, already referred 
to, that^the degree of the turnout (r/) 
is very nearly the of the degree 
of the main track (D) and the degree 
(^/') of a turnout from a straight 
track when the frog angle is the same. 
It will be found that the discrepancy 
in these cases is somewhat larger than 
in the previous case, although it is still so small that it may be 
neglected when the curvature of the main track is small. An in- 
spection of the figure will show that when the curvature of the 
main track is sharp the curvature of the turnout is very excessive. 
Such conditions should 
be avoided if possible, 
that is, a turnout should 
not be located on the in- 
side of a very sharply 
curved main track if it 
can be avoided. 

123. Numerical 
Bxairiples. 1. Deter- 
mine the lead and the ra- 
dius of curvature for a 
turnout to the outside of 

a 4"^ 30' curve using a No. 8 frog and a point switch. 

2. Determine the lead and the radios of a eurvatute fora 
Itumout to the inside of fk 3° 10' curve using a No. 7 frog and. 
point switch. 


o:"7f 


y1 


.SLV. 


Fig. m. 
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In each of the above examples use the switch point angles, 
length of switch point and length of straight frog rails as given in 
Table III*. / 

• 124. Connecting Curve from a Straight Track. The "con- 

necting cnrve” is that part of the siding l)etweeu the frog and the 
jioint where the siding becomes ^Mrallel with the main track, or 
the distance FS in Fig. 124. (^all d the distance lietween track 
centers. The angle FO,R must equal the angle F. if we call r' 
the radius of the c.onuecting curve, we may say 

('■-T'') ir.-v 

Fll -.(r'-i- ,/)8in F (77) 

The distance KK may be shortened somewlnit l>y the inetlnKl 
'indicated in Fig. 129. Theoretical accuracy would upjMreiitly re- 
quire that we should consider a short length of straight tnn k at 
the point F. The effect may rejwlily be shown to shorten the 
radius r' and to shorten the distance Fit by an amount exactly 
equal to the length of the straight 
frog rail, but in actual track laying 
such a procedure might be consid- 
ered a uselesii refinement. And 
therefore in this case as well as in 
the succeeding similar cases, the 
effect of the straight frog rail will la^ 
ignored. It should likewise be noted 
that the figure has been drawn for 
simplicity as if the switch rails were 
circular. But since the point O, has 
no connection with the demonstra 
tion, it is immaterial what is the 
form of the switch rails back of F. This same remark applies to 
the following similar demonstrations. 

1^ Connecting Curve from a Curved Track to the 
. Ontaide. As in the previous case^^ only required quantities are 
^ radiuB f of the connecting cnrve from F to 8, Fig. 135, which 

“""SaSrirssirt "TrlcoaMsMiie T»Ua«i"paMUli«l t>y Aiiw*lcMi8clM)olofOon«n>«»a* 
.,. s iss acw«ae» ^ FTtoasae. 
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inaat be determined from r and the angle ^ (= E + From 
the triangle CSF we may write 

CS + OF ; OS - OF tan 4- (CFS + CSF) : tan J- (CFS - CSF)' 
but 4" (CFS + CSF) = 90“ — since the triangle 0,SF 
is isosceles, 4' (CFS - CSF) =4-F. 


2R d\d - g :: cot : tan “ ^ 

1 ,, 1 . 
:: cot -g- r : tan 

* 2/1 (d - //) 

tan -g,- ^ 


from which 

(78) 

/ 


From the rriangle 00, F we may derive 

r — ^ 1 / : R + -g- </ :: sin ^ : sin (F + ^) 

•••’•-4^ = (i‘ + -2‘').hr'F-4v)- .(”) 

Also FS = 2 (r- A t / )«•» ' g ( ^ 




126. Connecting Curve from 
a Curved Track to the Inside. 

There are three solutions accord* 
ing as F is greater than, equal to, 
or less than In the first case, 
we may readily deduce, as in the 
previovA section, from the tri* 
angle CFS (see Fig. 126) that 

(2R -d) : (tl - jf) cot 4*^ 

: tan 

2n{d-g) 

SR -3" 
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And ms before, in eqnations 78 and 79, we may derive 

(it ( 82 ) 

and It'S - 2 {/• ^ y )Hiu {V - ^|r) (83) 

When ;= F, equation 80 will Wonie 


tan 
211 - // 




^*^^**** which we may derive 

(84) 



(f/ - ff) 

This equation gives the value of 11 
w'hich makes this corulition possible. 

If M*e make F - “'F in equations 81 
and 82, we find in the first case that 
/* is infinite, which means that the 
track is straight, and in the second 
ease tliat FS' - infinity times zero, 
which is ‘rindett‘rminate.” Hut from 
the* figure itself ^\e may readilj Mt* 
that 

FS=-(k .Vy)siM'F (85) 

When F < we may dt*rive the value of tan to lie the 

* M 

the same algebraically as in 
e<{uatioii 81, although the 
figure is so different. By the 
same method as before we 
may derive for the value of r 
the (Hjiiatioii. 

1 

/• ( jj !/ -- 

B in ^ /®A\ 

8in-(F-‘F) 





Fig. 128. 




( 87 ) 


t01 
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127 . Crossover Between Two Parallel Straight Tracks. As 

ill the previous cases, although the figures are drawn for simplicitjf 
with switch rails as simple cMirves, the demonstratioDS. only • 

involve the frog angles and the na- 
ture the track beyond the frog. 
The lietter method is that shown by 
the full lines, when the track is 
straight between the frogs. But, 
this consumes so much of the main 
track (many tifiies what is indicated 
in the distorted figure) that a re- 
versed curve (as is indicated by the 
dotted curves) may be used. The 
length of the straight crossover track 
is F,T. 

F,T sin Fj + ij cos = rZ - y 

Tlie total distatx’o along tho track Ik 
1 )V =- D.F, + YF, + F,D,- D,F, + XY - YF,+ F,D, 
l)Ut X Y ~[if -- _7) cot F, and XF,^ — <j sin F, 

/, DV=I),F, + (./-</) cot F,- 

STF. + «•»'■ <») 

If a reversed curve with 
equal frogs is used, we will 
have the construction as is 
indicated hy tlie dotted lin^s, 
and we have 

vers 0 ~ (90} 

also 

1 x 3 = 2/- Sind (91) 

If it should for a^.reason Iw necessary to nse frogs of diSsr 
ent |i««, it may be done, bot the point of reversed curve, instead 



Fig. 180. 
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1f»l 

«f being in the exact center, will Iw as ia indicated in Fig. 180. 
In this case we will have 

' vera B -f -r, vers B —d 

.•.rerB^ = ^- (92) 

The distance along the track 
will depend, as before, on the 
length of the ‘dead” fur each 
switch. If it were oircnlar, 
as indicated in the figure, we 
would have 

B,N = (/-, + r,) sin B ( 93 ) 

but the true lead for point 
switches would be less than 
•this by the difference be- 
tween the true L and {r + 

g) sin F. Therefore, this 

correction should be computed and HubtraetiHl for each switch. 

■a 8 . Crossover Between Two Parallel Curved Tracks. In 
the previous case there is no practical liinitatioii as to frog iinin- 
bers, but in this case there are limitations on what frogs are per* 



missiUe. If the connecting track is straight, there are still three 
«MM d^ieodii^i^ (Ht the value of F„ as in section 121. Two of 
4bese eiM^a lem iUnstrated in figs. 131 and 182. The fdlowing 
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denuinstrations apply to both figures. If one frc^ (F,) is chosen, 
then F, becomes determined as a function of F,. If F, is the angle 
for some even frog number, F, will in general be an angle that 
does not correspond to any even frog number jsnd therefore will 
need to be made to order. If F, is less than some limit, depending 
on the width (</) between the parallel tracks, it will be impossible 
to have a straight connecting track, and at some other limitation 
it will lie impossible to have the reversed curve connecting track 
shown later. In Figs. 1.11 and 1<S2 assume F, as known. Then' 
F,H == jr sec F,. In the triangle HOF, we liave 

sin IlF,0 : sin F,HO : : IIO : F,0 
but sin F,HO = cos F, ; lIFjG = 90° -f- 1^V> I1F,0 = cos F,; 

IIO R + sec F,; F,0 = R - •+ 



R + 4-*^ — - y sec F, 

COB F, = cos F, r J (9^) 

Knowing F„ d, is determinable from equation 69. To determino 
the relative position of the frogs F, and F„ 

HOF, = 18(F - (9(F - F.) - (9<F + F.) = F, - P,; then 

or, =. 8 (R + «i.-^(F, - Fi (95) 

IK 
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If the connectiug curve ia iiiiule a reversed curve, as is shown 
ill Fig. 133, the frogs F, and F, may be chosen at pleasure (within 
. rather close limitations, however), and this will usually permit the 
lidoption of regular staiulard sisses and will not necessitate the mak- 
ing to order of 8|)ecisl sizes. We may then consider that F, and 
Fi are known and that they are equal or unequal as desired. Em* 
ploying formula 29 in Table XXX,* we may write: 




in which 
but 


ve”« ™ 


S = 


2(S~00_.i(S OO,) 
'(OO.) ^OO,) 

,<)(), i OO, -4 O, (),) 


()( ), 



OO, It - -I- d + /•, 

O, Oj — 4- /j 

.*. H — (2Ii -j- — ■ .11 + 

s - OO, It H /•, - U 4- - d - d\ 

S - OO, = It 4 /•, - R !_ d 4 + r, - A //; 

(if-, 4 /•, - \ <>) 

vers = y . .. (96) 

(E- ./d+ r,)ai 4 ' 


()() 2 

sin OO, O, = sin ^ - sin - (97) 

O. O, D = IF 4- O. O, O (98) 

|1F, = 2 (R - A il 4 \ !/) sin \ (Sir - - <».) W 


The ^ief advantages of the aliove method are that it not only 
periiiits the use of atundard size frogs, hut also uses up less of the 
mlun ttaekhietween the extreme switch points. 

*^MMd la tVaUi's ** R li )ro » d CaaMmotioB**. 

M6 
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lap. Problems in Switch Computation* 1. A siding runs 
off from a straight main track, using a No. 8.5' frog. The distance 
between track centers is 13 feet. What is the radius of the con- • 
necting (Uirve and its length ? 

2. A siding using a No. 3 frog runs off from the outside of 

a 4° 30' curve. What is the radius and length of the connecting 
curve? In all of these problems, consider the distance between 
track centers to be 13 feet. , 

3. Using the same frog, a siding is to run to the inside of 
the same track. AVhat udll )>e the radius and length of the con- 
necting curve ? Until is computed, it is impossible to say which 
of the three jK)ssii>le cases wdll l>e used, but the solution of equation 
80 immediately decides that |K>int, w'hich will show that ^ is 
sliglftly greater tlian F, but that the difference is so little that the 

resulting value /• is very great. - F) is such a small angle 

that Talde VI* must be used to determine its sine. 

4. If a crossover is to be run between t>vo straight |>arallel 
main tracks 13 feet between ctenters, using No. 8 frogs, how much 
will be saved in distance measured along the main track by using 
a reversed curve rather tlian a straight track ? Since the dfffermre 
in distance is calltHl for, we may ignore in this solution the abso- 
lute length of the switch rails and consider that they would he the 
same in either ease. 

5. Ile(juired the dimensions for a cross-over between two 
main tracks whicli are on a 4° 30' curve; the distance between 
track centers thirteen feet, the frog for the outer main track (Fj in 
Fig. 132) is No. 0; F, is No. 7; the connecting curve is to be a 
nwersed curve. When the radius of a double main track is given, 
it^uieans the rmlins of the center line l)etween the two tracks. "We 
must, therefore (as indicated in Fig. 133), add and subtract 6,5 to 
the nadiuB of a 4° 30' curve (1273.6) to obtain the radii of the 
centers of the two main tracks. The figure and formulsa allow for 
this. Since ])oint SMUtches would unquestionably be used, we 
must determine ?\ and i\ by the method outlined in §121;*Tt, the 
radius of the outer main track = 1280.1 (which means that D| =; 

4^ 20'), while the radius of the inner track = 1267.1 and is 
4® Then by the rule of §121, *= radius of {d^ + Dj) ® eurire^ 

^ j^Ibb^WebU's **TOaoiioiiuarficTab^ iqr' Amertetii Seiiobl of OorM^ond* 
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5= radius of (T* 81' + 4"^ 29') curve — 478.34; r, = radius of 
(rf, — D.j)'* curve = radius of (12^ 23' - 4 ' 31') curve = 724!31. 

and are the degrees of curve given in the first section of 
Table III* as being suitable for a No. 9 and a No. 7 frog on a 
straight track. Obtain 0 ^ and 0 ,, by substitution in equations f)9 
and 751. It M’ill be found tliat the point of reversed curve conies 
but a fraction of an inch from the frog point F.j. If the computa- 
tions had apparently indicated that tlie jioint of reversed curve 
Vould come beyond either frog jKiint (or between either frog and 
its switch), it would have shown the impracticability of the use of 
a No. 7 and a No. 9 frog under these particular conditions. It 
shows that in this ease the limit was practically reached. 

(k Solve the same problem using a No. 9*frog in both cases. 
In this case it will be found that the total length of main track 


l>etwetM] the extreme switch ]K)int8 
will he somewhat increased, hut 
that the point of reversed curve 
will lie nearly midway l)etwt*en 
the tw'o tracks, as is preferable. 
A comparison of the two sulii- 
tions will then show how close 
are the limitations in the choice 
•of frogs to be us^hI. 

i3o. Practical Rules for 
Switch Laying. The following 
directions are hastnl on the iiieth- 



Fig. 184. 


ods previously given for allow-* 

ing for ilie effect of straight point rails and straight frog rails 
when used from a curved main track. When the j>osition of the 


switch block is definitely determined, then there is no choice but 
to cut the main rails wherever the Iwatiou calls for, but as the 


main track rail would be merely bent out to form the outer switch 
mil, there need be no rail cutting near the sw'itch |)oint, except 
that a rail-joint in the main rail should not come at or near the 
. witch j)oint. The frog has a length of from six to nine feet. A 
niovemcgkt one w’ay or the other of less tlian ten or tw’elve feet will 
>ring one end of the frog at an existing joint and thus save one 


fail cutting. 

**mgDn<mi«trlc Tabtos*’* publtMlifMl bjr Anunlcan SiSioul of Ckirr«fipoB<l* 
1«7 
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After baring definitely determined just where th& switch isi^ 
to be located, mark on the rails the points fi, D and F in Fig. 184. 
Measure off the length of the switch rails DN, and locate the. point . 
M at the distance 1‘ from N. If the frog must be placed during 
the brief |Kiriod between the running times of trains it will be 
easier to joint up to the frog a piece of rail at one or both ends of 
just such a length that they may be quickly substituted for an 
equal length of rail taken out of the track. When the frog is thus 
in place, the point II becomes located. The curve between M and 
II is a curve of known radius. Substituting in equation 54 the 
value of t'hord and Jl, we obtain a*, or dh in Fig. 135, which is the 
ordinate for the middle point of the curve. Then and c* c 
will be three-fourths of dh. Theoretically this will give 
a jtanilwlic curve, hut the difference will not be appre- 
ciable. Having IcH'Ht^ed and spiked down the rail IIM, 
the op|)osite rail may be easily put in at the proper 
gauge. 

Example. Locating a switch on a curwd main 
track. Given a main track having a 4® 30' curve, to 
locate a turnout to the outside using a No. 9 frog; gauge, 

4 ft. in.; /=6.00'; In.; DM = 16.6 ft.; and 

« = 1® 44' 11". Then for a straight track r would *= 
ril().27 (<f=9“18' 27"). For the curved track d should 
he nearly (9® IS'— 4® 30')=4® 18', or f=1194.0. L for 
the straight track would be 72.61, but since the lead is 
lightly incrcasetl (say about 0.1 — see § 121) we may call the lead 
72.7, although this different^! would be absolutely imperceptible 
after the track was laid, so far as train running was concerned. 
After locating the switch and frog point as described above, the 
frog and the sw'itch rails, should be placed. The closure for iJie 
curve«irail is given in Table III as 42.92 and curving the main track 
would make it slightly longer still, say 43.0. 1194.0+2.35 

1196.35. Applying equation 55, we have **43.0^ +(8X1196.35)^ 
«0.193| the ordinate at the middle point. The ordinate at eadi 
quarter point is three*fourths of the ordinate at the center, or, in 
this case, .^45. “ 

131.. Vi|i|^SwiteliMlk The complicated demands {or switdi> ■ 
Ing in yards and termii^ndtilVe been greatly a^sted by the 
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nkmoxi) 

known as ilip gwitcboe, 'illustrations di vhi^^an dioiwii’ftr 
18(1 and I 37 . Fig. 188 bhows a ** single slip *’ in wUcb j(#o 
middle frogs are fixed, although the system of silovOlde frc^ 
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trated in Fig. 137 is efl[)ec*ially applicable. Thu double blip switch 
illustrated in Fig. 187 makes it jKtBsibie for a train coming on either 
track to run directly on to either of the opjiosing lines. It should 
lie noted that the mechanism is made inter* 
locking so that tlie setting of a SMrltch at one 
end will simnltaiieonsly set the switch at the 
other end as is required. 

132 . Crossings. 'When two railroads 
cross each other or even when it is desired 
to hawe one Hue cross another without having 
any switch connection, a crossing may he 
us^. If the angle should be small (which is 
very undesirable) the method of movable frogs, 
shown by the crossing of the inner main rails 
of Fig. 137, may be used. But the lines 
should be required to cross each other as nearly , 
at right angles as possible and then a Ixdted or riveted set ^ 
frogs, with fillers betwsdh the rails, such as is iUostrated in^ Fig. 
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H gHitftAl 4h«se cmwlDgs vUl noad to bo 

ooMrdiipi; to tbo angle Iwtween the t#e lines. 
8ifltoe4n^. «roaiitigB.sre somethnes operated at rery’ high speeds 
Am esMOtChf^ftiMi'mnst be ei^ieeialljr strong and rigid. When both 
tra^thMM'ebnsl^ft the.|rog angles are identical, or more strictly, 
yaw.bt'tiieen sie t^eoinplenients*' of the other two. When one or 
bot^'tiMlai,, are carved, all four frogs will lie different and the 
eompafarion <tf their exapt value liecoiues a somewhat emu plicated 
geoioetrical |woblem. Hie mechanical constnictioii need not be 
essentially different from that shown in Fig. 138. 

l83i> Crossing. One ntmi^ht mui one eiinu'tl tmek. In 
Fig. 183, K is known and also the angle M, made hy the center 
lines at their )Kiint of intt'rsiHition. 


' H =:*NOM and N(’ = 11 cos M 


• 1 I 

then (R - y) cos F, = NO 1- ,, tj 


1 


. . JOS F, = - 


R COB M -f -jj y 




Similarly it may be proved "bst 

, 1 

R COS M + ,, </ 


cos F, = 


R 4" 


1 


U c<w M - !/ 

'a = — 1 

»+ 


0Q> F, 


R cos M — 

It ^ 


n-,, 


( 100 ) 


fb ilad Oie relative poeitkms on the tracks of the frogs, wa may 
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F.F* = (r + *’* 

I1F.= (fe-2-<7)(8JnF,-BiiiF,) - 
F,F, = (r -t- -|-5r)6in F, -(r 


kioi) 


It Bliould be noted that F,F< .will not be exactly equal to F,F, al. 
though the difference will be very small. 

134. Crossing. lintK trtickn ntronl. The angle of the tan- 
gents (or radii) at their point of intsr- 
s( 2 {^’tion is a known quantity (Iff) and 
also the two radii R, and R,. But 
since w'e must deal directly with the 
radii of the inner and outer rails of both 
curves, it will be easier to immediately 
1 



% \ 


/ \ ««l)tract) -g- 1 / to R, or R, and 

I • \ I /■'t obtain /*j, r„ and as indicated 

* in Figure 140. ^f^rring to the triangle 


C| 

Fiff. 140. 


vers F, 


F,C,C„ and cal'^ng (c + r,+ rj. 


we '"'‘.'ite: 

- ^ (^1 - *'■) - ''' '«) 


Similarly in the triangle F,C,C„ let s, = -^ (c + ^» + r,) 


1 


and in the triangle F,0,C,,*let s, = + r, + r|) 

^and in the triangle F^C,C„ let *'t +V 

and then we may write 

S («,-r,)(s,-r,) 



BArtfiOAT) fiNCttNiEnmci let 

To dotermino tb« leogtli of tntck between the frags we m«y write 
sin C\0^, ==. sin 
and sin (',0^, ■= sin 

faf, r.CA - C,(',F, (103) 

Knowing Uie angle FjC^ we readily determine that tlie eliord 

• t 

FjFj = 3/*j Bin 2 ~ (.F/ljFj)* * precisely diinilar manner the 

choids F,F^, F,F„ and F,F 4 may be computed. As a chei'k, it shoiihl 
be found that all these fchords are nearly although not quite equal, 
likewise the mean of all the four frog angles should l>e uithin a 
few seconds of the value of H. 

135. Examples. 1. Determine the dimensions and-the frog * 
f ngles for the cnmsing of a straight track with a track of 4’ cnrv. 
^ture (as in Fig. 1:15) when tlie angle M — 72 IS'. 

2. A 2 curve crosses a 4^ curve as in Fig. 140, tbo aiigh M 
being 52 2U'. Detprinine the frog angles and tlie chord len^' lis 
between the frogs. * 

.* 

^a!^ds ^nd terminals. 

136. Value of a Proper Oesli^n. \S 'len a freight train arrives 
at a terminal yard, which is generally in a city of coiisideralile sisse, 
w1th>one or more other railroads or branches, tlie train load will in 
geoeral be maderap of some cars whieli will need to lie shifted to 
Mlhie other road or division or to be shunted on to a siding where 

• |key may be ualoaded. If the character of the train is mixed, 
^bMpdy coal and partly general merchandise or grain, the coal cars 

llM|kln.^nt to their own tracks and the merchaniHto to theirs. 
t point of a road is frequently the termiuus of one or 

‘hee as well as the point where freight trains are perhaps 
especially if the ruling grade on adjacent divisions 
't tint the train load which can be hauled by one engioe 
wnt on tlie several divisions. 

itody of these facts, together with others which will 
thttpiaelvea in this connection, will show the vast 
‘ 'sjoeoessary io sorting ont the ears ia a yard. 
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Often the road engine is cut off from the train as soon as it has 
brought it to its propr place in the yard, and the distributit^ is 
done entirely by switching engines. But the work in large yards 
in bo great that several engines will be required for the work. The" 
cost of running a switching engine per day may be figured as 
approximately If the design of a yard can be so altered 

that one engine can be di8[)en8ed with, or that three engines may 
l)e made to do the work which formerly required four, we would 
have in Sl.'l working days j)cr year an atinnal saving of $7,825, 
which capitalized at 5%, gives $150,500 which is sufficient to 
reconstruct almost any yard. 

As will be develo{)ed later, buch a saving is by no means an 
im[)ossibility. The requirements for space for water stations, ash- 
pits, coaling stations, turntables, sand and oil houses, engine houses, 
etc., and tlieir proper arrangement so as to avoid useless running of 
the engines, is another feature which show's the value of a system, 
atic design for a yanl. Whtm a yard is being constructed at a new 
place, it may be designed on the basis of subsequent work, no matter 
how little of it is immediately constructed, hut very many yards 
were laid out when the now recognized prir»c.iple8 W'ere unknown. 
Subsequent odditionb have only made a lw«<d matter worse until it 
IS stHMi that an entire re -con struct ion nei*e8sary to make the yard 


what it should be. 

137. Freight Yards. Oemral Principles. A yard built on 
an ideal plan is in general an impossibility. Topographical coii- 
sideiations usually influence the problem to such an extent that the 
only method is to study the location so that certain fundamental 
principles may be applied. 

1. A yard is a classifying machine for receiving, sorting and 
despi^tching cars to their several destinations as rapidly as possible. 
Its etficiency is measured by the rapidity with which it aceom- 
pushes this and the economy of motive jiower which is required. 

2. At a yard which is the terminal of a division ti^^freigbl 
trains arc pulled iu to a ^^receiving track” so as to get them out of 
the way and off of the main track. The road engine is then roii 
off to the engine yard where it is cleared of ashes, loaded with 
water, coaU sand, etc., ^ otherwise prepared for ita next trifx 
Perlp^ the caboose is ran off to a ‘^caboose track” the location of 
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which ie made convenient. Tlien, 
if the train is a ^‘through ” freight, 

^another engine and ca)>oose may Ih.^ 
attached and it may prweed un- 
broken unless a change in ruling 
grade requirt^s adifTerent train lead. 

3. There are certain trackb m 
a yard which may he considered the 
skeleton of the yard. On thewi 
tracks no train.s should he a^o^\ed 
to stand except tern ponirih. Such 
tracks, sliovin in Kig. I (1, in which 
each pair of rails in indicaUnl hy u 
single 1 iiie, are cal IcmI lathler track 
and frcmi these tlu* storage tracks 
are run in parallel Huch. Other 
tliiough tracks are indicattMl on the 
plan. 

4. The storage' tnicks should 
usually l>e made ilouhle-ended or 
with a ladder track^at each end. 
This uhuall} facilitates tliesNCrtehnig 

•by js^rmittingoneor more cars to l>e 
drawn from either cn<l witliont dis- 
turbing the ciirs at the other end of 
that track. 

o. In recent years many yardh 
have h(*en made hy creating an arti- 
iictal hum]) at such a jilace that the 
grade from the ladder tracks on to 
the storage tracks is aliout 0.5 \ h*t 
cent. This creates a gravity force 
of 10 pounds per ton which is suf- 
ficient to cause a car to roll by gravity 
from tlie ladder track on to any stor- 
age track to which it may be di- 
ifMSMd. In this way a train of cars 
on tlm laddor'^tiadr may be distrib- 
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Fig. 141 Plan of i it: 
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nted to tlie viirions storage tracks with great raptdi^. Incidrat* 
ally there is tio dsiioer of a 4 »r mnniog oat from tbe storage trwdc 
H on to the ladder track. Syminetry and. 
economy of space will nsnally reqaire that 
the frogB and the switch dimensions of the 
switches mnning off from the ladder tracks 
shall be uniform. No. 7 frogs are very 
commonly used; frogs with a larger frc^ 
nnml)er make an easier riding track, hot 
they reqaire more space, and limit the 
sjtace which may be need for storage. No. 
6 and even Nu. 5 frogs are sometimes used 
on account of the economy of space which 
is thereby obtained, but it makes harder 
rolling and greater danger of derailment. 

1 ^. Connection of Freight Yard 
with Main Tracks. As a general princi- 
ple the main tracks should be as dear as 
|K>ssihle from the yard tracks so that pas- 
senger trains may rnu through freely at any 
time without even the danger of a collision 
with any f*dght cursor of interfering with 
the work of the freight yard. This prac-' 
tically means that there shonld be no cross- 
ing .of the main tracks by any tracks ased 
in yard operations and that the connoction 
should be only where it is desired to ran 
from the main tracks on to the receiving 
tracks and that here the switches shonld 
be thoroughly protected by si^piala. The 
ideal construction is to have (on doable 
track roads) all opposing teacks cross over 
or under each other so that two trains wiQ 
never approach the sune point of tiaek 
exdspt when they ate moving hs tiie same 
direction and then the danger of a eolhdon 
will he Inrgely averted. The reoiihrh|g 
tiaeks (or simibw tradm) ribduld be vtiliatd as ^^d^partinff tkaiehi** 
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00 ootgoiog Irei^t traina may wait for tlu»ir sigoal tu btart 
witHoot interferiog with any passei^r traffic on the main line 
^ tracks or any shifting work in the yard. 

139. Minor Preight Yards. The name applies to the local 
Qojlecting or diatribnting yards which are locat^ in parts of a 
great city where the freight business is especially large. The cars 
are brought to these yards by nieaits of long su itches or by means 
of floats when the yard is located on a u ater front. The special 
feature of these yards is tlie fact that since they are always lixjated 
on very valuable land, great ingenuity is reijiiired to utilise the 
limited space to the greatest adxantage. This usually lequireS 
excessively sharp curvature, which may be limited by the fact that 
car couplers will not permit the oar bodies to make a lar^e angle with 
each othw. The shortest permissible radius is 175 feet and even 
this is undesirable. Radii as short as 50 feet have been used in 
some yards, but in that case an extension coupling bar is placed 
*lH‘tween the cars. Yards for receiving or distributing freight should 
be provided with team tracks which are made stub-ended and whu it 
are preferably placed in pairs with a sufficient space for roadway 
between each pair. 

Figures 141 and 142 are ideal plans which weie subtuitUsl tu 
the American lisilway Engineei ug and IfatnteDancu of Way Asso- 
“ elation at its meeting in March, 10(r‘’. As * ideal’' plans, it is not 
supposed that they can be literally adopted, but a study of them 
will ahow their general conformity with the principles stated atiove, 
and also will be suggestive of plans odaptod to the local conditions. 

1 4 0. Freight Yard Accessories. Truck wahn. Tliese are 
lor weighing freight cars on the track. When, as is frequently 
the case, the scales are located on a inncb used track, an auxiliary 
pair of rails is laid about six inches from the scale rails and con. 
neeted with them by a split rail switch at a suitable distance from 
enek end of the scales. One auxiliary rail is supported on the side 
of tlie soole pit and the other on several posts which run through 
the scale table floor. It has been found practicable to weigh a 
w^ole tnun load even in rooti(» by mnning it very slowly over the 

tmeki and notiag the scale reading for eMh car when it 
h »ae h> ft» 0 BKtnii,over die 
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CraneH. The frequent transportation of individual loads 
weighing many tons requiri^ the use of some sort of unloader, 
which may vary from the temporary ‘^gin pole^’ to a traveling 
crane which strides one or more tracks and a roadway, and which 
may travel on rails parallel with the switch tracks and also ha%a 
‘‘ traveler’^ wdiich runs perpendicular to the tracks. The double 
horizontal motion (as M’ell as the vertical motion) permits the 
loading or unloading between any car and wagon placed wdthin its 
range. While their use is somewhat limited, there are occasions 
w'hen they are almost iiulispensable. 

i4i. Engine Yards. The ideal position for the engine house 
with its accessories is in the CAUiter of the yard, as is shown in Fig. 




Lon5itu4i!Hal Section of Pi1 

Fiff. 14a, 



141. The accessories of an engine house are shown in the ideal 
plan of Pig. 143. The plan of the cinder pit, vrhich is shown in 
detail, allows for a pit alK>ut four feet deep under two tracks on 
whicli the engines ran, and into \vhich the ashes can be directly 
dumped* These tracks are each side of a depressed track which is 
sunk to sncli a depth that the sides of a gondola car will be below 
the bottom of the ashpits under the engine tracks. The damped 
mhm Q«n tJxerefQte ^ very e^ily shovel^ into the car in the 
dc^imssed track* 
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Bassenger terminalB for large cities are atmctorea which 
demand the services of an arcliitect rati)iier than an engineer. The 
^engineering features are largely those of elevating or depressing 
the approaching tracks so as to avoid the grade crossing of city 
streets, and all such j>rol>leni8 must be solved individually. Those 
who wish to study the subject further may find it treated very 
fully in “ Ruildings and Structures of American Railroads,” by 
Walter (i. Berg. 

SIONALINQ. 

The following description of signaling is not to be considered 
as a complete course on the subject as that would require more 
sjMtce than may here lie devotetl to it. The discussion has been 
condensed to such fundamental facts as every railroad engineer 
should know. The development of the science has been so rapid 
during late years that one must follow current engineering liters, 
t'lre to keep abreast with the progress of the work. A student 
desiring a more throrough course in the groundwork of the sub 
ject is referred to “ The Block System,” by B. B. Adams (3U4 
|)age8), as well as to similar but earlier works by W. 11. Elliot and 
W. L. Derr. 

142. Systems. When railroading was still in its infancy 
but traffic had so increased that rear-'Mid colli ions on double track 
became an imminent danger, two general plans were su gg ested and 
tried to guard against such accidents — (>/) the time interval system 
and (//) the space interval systeni. ilLlthongh some traces of the 
first system are still to l>e found in train order systems and in 
operating rules and time tables, it has laien found inadequate for 
tlie operation of heavy traffic. When trains are run close together, 
even a short delay becomes a sounre of danger, which is only par. 
tially obviated by vigilant work by the rear flagman, and even this 
safeguard is only obtained at the expense of further delay in wait- 
ing for the flagman to return to the train after the cause of the 
d^y is remov^ and fhe train is able to proceed. The space in- 
terval system has therefore become the basis of all modern systems. 

V Considered from another standpoint, the methods of handling 
trains may be divided into two general classes^- (a) the tele|papbite 
aninr systmn, ii#-#hieh men at different parts of the line rso^ve 
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orders by telegraph regarding the morements of trains will 
soon {HISS them and who communicate these orders to the tnuhmen 
either verbally or by signal, and (i) those systems under which the_ 
signals at any point are controlled by mechanism at 



adjacent points. The fundamental difference between 
the two systems is that in the tirst case a blunder by any 
of several men may cause an accident; in the second 
case, blunders are, to a considerable extent, mechanically 
im[)obsible, and when made are generally immediately* 
apimreut to one or more others,, and may be corrected 
in time to prevent an accident. 

The first system includes the method by which a 
large proportion of the trains of the country are operated 
— tiie “train order” system, which will not be here elab- 
uraUHl since “ signals ” are not a necessary feature of it. 
Tiider this method the train crew receive their orders, 
issued l>y the train despatcher of the division, wbicll 
are written out by the telegraph operator at the local 
ofKce where received. The train is then run in accord- 
ance with such orders until it reaches the next train 
or(h>r office. Tlie first system also includes the simple 
manual system, descrilaal in the next section. The 
varioiis systems of controlling the signaling, culininat- ' 
ing in the absolutely automatic system, will be succes- 
sively described. 

143. 5imple rUnual 5ystem. In this, as in all 
other block systems, the road is divided into sections 
or “ blocks ” whose lengths are varied somewhat to suit 
the method adopted and the natural conditions, and 
also are made roughly proportional to the traffic. For 
example, on the main line of the Pennsylvania Rail- 
road Itetween Philadelphia and Ilarrisburg the aeetiona 


Fi|t. 144 . have an average length of a little over two miles, a 


few are four miles long, and some (espeeially whene tlio 


suburban traffic is heavie^l are less than one mile long. On the 
other hand, on a* road with less traffic (although snffieient to re- 
quire the block system), the blocks might have a mneh gieotwr 
length. “ Absolute ” bloeking forbids dm eotnmoe of a traiiL into 
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% blodt lutil the precediog treia has passed oat o{ it. This prac- 
tieidty means that the trains most arerage oonsiderabljr over one 
^block apart, since train B (see Fig. 144) cannot enter the block" 
(S — 1) until train A has passed oat of that block, and the fact is 
telegraphed back so that the signals at (2) may be set for train B 
to enter the block. Train C and the sncceeding trains must vir- 
tnally maintain the same interval even though they temporarily 
move up closer. At a freight train speed of 15 luiles per honr, 
trains could be run through blocks five miles long at intervals of 
twenty minutes pins ^e time required for signaling betatHtu sta- 
tions and for the trains to pass bj the signal station. Under the 
simple mannal system the rules of o{)eratiou, althongh varied in 
detail, are essentially as follows for double-track work: 

When train A has passed (1) the ofterator there Udegrapbs the 
fact back to (2), and then the operator at (2) knows (hut the block 
fro II (2) to (1) is clear and that he can admit train B to the block, 
tf train B does not arri^e at (2) for some time afteiwunl, (2) 
sbohld obtain definite word from (1) immediately Ix'fore B is diu 
that the block is clear, since it might have liecome obstructed i ^ 
switching operations or otherwise. As soon as (rain B has passed 
(2) the fact is telegraphed back to (3(, whicii informs (3) that the 
block {S — 2) is clear. The mett.od of cummmiic>ation is usually 
by the ordinary Morse alphabet, but since the facts to I>e commu- 
nicated are very few and simple, a system of taps on electric bells, 
which can be more easily and quickly learned than tiie Morse 
alphabet, are sometimes used. Dnriiig recent yi^rs even the tele- 
phone has been used for this purpose. Some of the mechanical 
details of this method will be given later^ Each road employing 
such a system has a more or less elalxirate set of rules governing 
the operation of the signals, whose object is to make the work as 
mechanical as possible, to guard against giving wrong signals nod 
to locate the blame when an error is mode. 

It ^ould be noted, however, tliat there is nothing to prevent 
aki^alman from giving a ‘‘clear” signal, when he should show 
a *‘a^p** sigoal, even when he has been instructed otherwise and 
iias porhaps n^rted telegraph that he has obeyed orders. In 
tdtorl I* is not ‘‘eoDtroOed,” and iu ease of an accident there is a 
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qaestion of veracity between him and the engineman. The ays* 
tern has the merit of cheapness,' since the signals may be of the 
cheajjeBt form and the intercommunication may be done by the^ 
cheapest form of telegraphic circuit. 

Petmuftive Block! ng. There is a variation of the ‘'absolnte” 
system which is also applicable to some of the following systems 
and which facilitates traffic although at some sacrifice of safety. 
Under this system, a train is allowed to proceed into a block even 
though there is a train still there. But the train must be under' 
‘*|)erfect control” (some rules limiting the .speed to six miles ])er 
hour) so that it may Iw stopped very ({uickly if necessary. By 
this means, the delay of a succeeding train, and jwrhaps of several 
following trains, is very greatly retluced. Of course such a prac- 
tice n^qiiirus extrctne caution to avoi<l accidents, and there are very 
minute rules to be followed when such running is |)ermitted at all. 

Wlicn heavy ])aBBenger trains are run at a speed approaching 
(50 miles per hour, it l)ecomes impracticable to make a “service’' 
stop much vithin l,r)00 feet. Although a stop nmy be made in a 
much shorter distance, it induces very severe strains in the rolling 
stock and hence should t>e avoided. But since it is frequently 
im]x>88ible, on account of cnrvvs or other obstructions, to see sig- 
nals more than a few hundred fe*^ I -nway, an engineman dare not 
approach a “home” signal at very high 8{)ee<l for fear a stalled 
train maybe immediately beyond it. Therefore a d isfant sty- 
ual^' w'hich forewarns the eugineiiiau of the indication of the 
“ home ” signal, is placed ^00 to 2,500 feet from the home signal. 
The required distance, which for mei'hanical reasons is made as 
short as possible, except as noted below, depends on the grade and 
on how far from the signal it may be clearly seen. 

When the distant signal is set for “clear,” the engineman 
knows .that he may proceed at least as far as the ttecoiid home 
signal ahead; when it is set for “ caution,” he knows tliat he may 
proceed at least as far as the next home signal, but he mnst expect 
to be stopped them and he must have his train under such control 
tibat he can stop there if required. Sometimes the signal becomes 
cleared by the time he reaches the home signal and the^s h no 
actual delay beyond a slight reductionnn speed, but the indicatkm 
ol<die distant signal enablesldm in any case to approach the home 
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signal confidently, knowing beforehand that it will be clear’' if 
the distant signal was clear.’' In any system where the signal* 
ing is controlled,’' such a distant signal is locked so that it can- 
not indicate clear when the home signal indicates stop. Under 
the automatic” systems the distant signal is nsiiallY placed on 
the same post as the home signal for the preceding bliK*k. In this 
case, when tlie distant signal indicates clear, the enginenian knows 
that his road is clear for two fit! I blocks, but ho may have to slacken 
speed wheji he reaches the next block station. 

144. Controlled Manual System. In tike pre- 
vious system the only connection betwtH*n tlie signal 
stations is the telegraphic communication of informa- 
tion. T||e ^^controlled inaiinar’ system includes the 
following essential elements. The signals at each sta- 
tion are locked by electromagnets wdiicli are controlled 
electrically from the signal station ahead. When a 
train approaches ( /), ( 1) must notify (*>) of it. It the 
last previous train has jmssed and there is tio otlu*r 
impediment, (2) will unlock (/I's lever eltHTtrically, so 
that it is possible for (7) to set a clear signal. After 
the train has passed (7), the signal at (7) is set for 
the ^^stop” position. Jt then 1 h* impossible for 
him to set it clear again until Ykermitt* d to by (2). 

Knowing that the train is coming, inquires of (.Vj if 
the block (2 — 3) is clear and if so (,V) will unlock {2yB 
lever so that it can be set for clear. The alK)ve is the i 
simplest and earliest form of such a system. 

The chief advance over the simple manual system 
ih in the mntaal control of the signal ottices on each 
other. A signalman cannot set a signal clear except by 
the action of the next signalman ahead \»ho th(‘*(‘by 
certifies that the block ahead is clear. Tlie chantvs of 
error are thereby decreased. Tlie electrical control is 
maintained over a ‘‘wire circuit,” but the system is 
made mneh more nnder control by adopting features US. 
whidh are essenUally those of the automatic system. 

The two raib of the track are carefnlly insnlated ln»n each other, 
and, itewr etifh ^gnal station, the abutting rails are insulated at 
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some joint by joining them with insnlated joints sadi as are dd< 
scribed in section 107. 

At 11, Fig. 140, a track battery sends a current through the 
rails Mbirb energises the track relay at A, which operates the s^- 
nal inechauism at A. The presence of even a 
^ single pair of wheels on the track between A . 

^ ^ ^ siding up to the fouling 

I |j j[ « |)oint,” will cause the current to be short-cir* 
K ciiited and it vrill fail to energize the relay at A. ' 

IJy this means it is readily arranged that when 
— ^ the train iiasses A, A’s signal will automatic- 
'll ally fall to “stop’’ and w ill liecome locked there 
so that it cannot iH'come unlocked until the 
I train passes the insulated joints at tl. When 

(he train imsses 11, the current through the re- 
£ lay u'ill then be(‘ome strong enough to release 

* " the lock and then A can set his signal to cleat ” • 

if permitted to b;y R. 

\ \ The method involves both a wire circuit 

\ \ and a track circuit. Rut when the sections are 

\ \ very long, it lieeonies \erv difficult to control the 

\ \ >t track ciicuit so es to avoid leakage and yet give 

\ \ |i the current suilicient strength to do its required 

\ \ ^ work. And so the method is still further com- 

f ^ ^ plicated by eliminating long stretches of the 

t fe ^ track circuit, but retaining it in the track near 

I r~l^ each signal station so that the signals will be 

, automatically 0{>erated and controlled as before. 

^ It should be noted that if a car was stand- 
iiig on the siding and was moved toward tKi 
III ' switch point by wind, or through midicioos mis- 
Fig 14(1 chief or otber^vise, as soon as it jiassed the fbul- 
ing {)Oint the signal at A would automatically 
go to *^stop*' and the signal w'oitld stay locked until the track was 
cleared. A broken rail wpnld have the same effect of locking the 
i^al and would start an fnvestigatioD to determine the trouble. 
145. Automatfe Syetems. Some of the prinei|ial easmtiuls 
the antomatio systems faavhalready been deaeiibedihowa. Soale 


Fig 14(1. 
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of tile differenoes are as foIloiwB. The nieebaoical work to be per^ 
fofmed bj the electric oarrent in the controlled manual system is 
limited to unlocking certain mechanisms or unlocking the signals 
so that by gravity they will assume the *‘stop” position. The heavy 
work of moving the signals, which are usually of the ‘^semaphore” 
type (described later) is performed by the signalmen. But auto- 
iqatio signals must ^ worked by a mechanism which always has 
sufficient power to move the signals. This practically means that 
the signals must have such a form and be so worked that but little 
force will be required to move them. 

Ihe earliest forms were targets mounted on a vertical axis 
which was swung around by clockwork. When set for stop ” a 
rod target would show; when set for ‘‘clear*’ the red target would 
turn edgewise and a white target of diiferent form which was previ- 
ously edgewise (or perhaps no target at all) would then show. A 
lantern, with red lenses on two opposite faces and white (or green) 
lenses on the other two faces would be set on top of the axis. A 
weight moving up and down in a hollow iron post, would be ]K«ri- 
odically wound up to provide the power. Each time the signal is 
changed from “stop” to “clear” or from “clear” to ‘‘ stop” the axis 
turns one-quarter turn. One objection to the method lies in the 
fact that since putting even il..iiandcar or a track gauge on the 
rails will turn the signal to dange" and taKiug it off will restore it 
to clear, the mechanism will I>e made to work so often that it will 
require rewinding with annoying frequency and then perhaps 
become run down and fail to work. 

To guard against one source of danger, the mechanism is 
made to open the circuit and thus put the signal to “stop” just 
4bfore it becomes run down, so as to avoid the possibility of the 
signal indicating clear when it should indicate danger. Tiie clock- 
u^k system is still in successful use on some of the systems where 
it has been installed many years, but the more recent designs use 
an entdosed disk signal (described later). An important detail is 
the |ilasSiig of the signal 200 feet in advance of the entrance of a 
Uoek seirtion. ^is enables the engineer to see the signals tnm to 
ilttgar aff a ittiiilt of his entering the block and he thus knows that 
Is a protecting him nntil he rsatdies the next idgnaL^ 
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If the signal fails to work^ it shows that there is something wrong 
with the Tiieehaiiisiti and lie will take precautions accordingly. 

Another advantage of the track circuit system lies in the fact 
that if a switch he ojanied aiiywhere in a block, the switch being 
provided with a <Miciiit breaker, the circnit will be broken and the 
signal will automatically fall to danger. In short, almost any de« 
feet or iinpeiliment to a clear track will be indicated by the signaL 
And herein lies one tioublesome feature: the circuit is so sensitive 
that any accidental short-circuiting (even though not due to any 
didect or obstruction of the track) will delay traffic. The opposite 
(and far more serious) error in operation — indicating clear” when 
it should indicate “ stop ” -wdll only be caused by a defect in the 
mechanism, and tlie record in that respect is very good, the pro- 
portion of such errors to numl)er of signal movements being 
exceedingly small. 

146. Mechanical Details. Tlie train order system does not 
necessitate signals of any kind, but on many roads which make no 
claim to a lilock signal system a signal of some sort wdll be dis- 
played from the local train-order office. The signal may be a mere 
flag on a stick; an irujirovement is to hang it from a horizontal 
bU]>[)oit, the low’er edge being weighted, the whole I>eing provided 
wdth n cord which is run back to th< office, which permits the ready 
display or removal of the flag, borne western railroads have im- 
proved tliese by using some ^'’home-made” signals operated simi- 
larly, but using a target made of thin wood or of sheet r^etal. 
V rom tbid it is bnt a short step to the standard semaphore,” illus- 
tinted in Fig. 147 and elsewhere. 

The semaphore consists essentially of a board about five fec*t 
long, eight inches wide at the outer end and six inches wide at 
hinge Mid. The hinge is a somewhat elal>orate casting with oneoi 
more sjiectacles ” as holders of colored glass lenses. Since die 
weight of the casting on the spectacle side is usually not sufficient 
to overlmlance the weight of the semaphore board, a counterweight 
is 80 attached that if the rods or wires to the signal cabin should 
break, the signal will automatically assume t\\p horiiK>utal position^ 
Irbich is universally con6i4ered as the stop ” or ^ danger” signals 
When th% axis of board passes through the hinge boh, as 
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ahown in Fig. 147, the clear ’’ poeition ia given by inclining the 
bo&rd at an angle of 45^, as shown in position B. 

Another form is to have tlie 


board eccentric to the hinge, so 
tliat it may l)e dropped to a verti- 
cal position and still show outside 
of the post. As a general principle 
of construction, the board should 
l)e clearly visible even in foggy 
weatlier, and therefore the board 
should not come down directly in 
front of the post, for in foggy 
weather it would not be clearly 
visible and an engineman might 
pass the signal thinking it was in 
front of tlio post, when it might 
have been broken off and should 
have indicated danger. Fig. 147 
shows a wooden post; the latest 
high-grade practice now uses iron 
posts w’ith suitable castings at top 
and bottom. One. advantage of 
such posts is the placing of the rods 
inside of the post where they arc 
less subject to interference from 
snovT and sleet and from malicious 
mischief. 

The boards are always set so 
that they point to the right from 
the track which they govern, or 
in other words a signal which 
points to the left of its supporting 
pole,' as seen by an approaching 
vrain, governs trains moving in the 
opposite direction. Sometimes the 



boards are painted rod on the gov- 
erning side and white on the other 


Fig. 147. a«toapliore. 


but whateTM* Ae variation in practrae the indication ia inde> 
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pendent of the color, and on eome roads the color is “ neatra!,*^ so 
as to emphasize the fact that the Mi^neman most ^ governed *fa^ 
the^om vaA. position of the board rather than by the oolor. 

The only essential variation of form of the blade lies' in mak> 
ing the ends of all home signals square and of all distant signals 
notched or of a ** fishtail ” form. One other form nsed for the dis* 



Fig. 148. 


tant signal is to make it {)ointed. When there are bat two tracks 
the semaphores are nsually placed on separate posts on each side 
of the robbed. Even when there are four tracks, the signals for 
the two tracks on each side may be placed on one main pole whidi 
hiea e crossrann and two uprights, each carrying one or mere sema* 
'phoies, as shown in Fig. 148. But when there are more thtm fomr 
tracks (as in yards), and frequently on four. track roads, |be e^pnale 
arawrried op a bridge ” siudi as is illnstrated in Fig. 1^. In sneli 
a c^ the signals for satk tradtlire placed diieetly over ^ 
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Fig. itt. Semaphore Bridge. 
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When more than one square-ended signal is over a tracks the 
upper one refers to the through track and the lower ones *to 
the switches which will l)e immediately encountered. Note in 
Fig. 149 that the signal bridge in the background has boards on 
the left side of the posts and that they are evidently white. This 
shows that the bridge governs movements toward the observer, 
M'hile the signals on the bridge in the foreground evidently govern 
train movements in the direction the observer is looking. The 
mechanism of all such signals is necessarily somewhat exposed, 
and is liable to be actually blocked when covered with snow and 
sleet. A considerable amount of power must therefore be available 
to operate such signals. 

Another form in extensive use is the enclosed signal. 

Knehmd iitijnah. There are two great arguments for and 
against the use of such signals. On the one hand, the mechauisin 
is entirely enclosed and protected from the weather and is therefore 
uninfluenced In wnnd, snow or sleet. Also the mechanism can be * 
made so very light and delicate that it rei^uires only a small per- 
centage of the power iv(julivd tooj>erate semaphores, and therefore 
they can be ojau'ated by an electric current of very low voltage. 
On the other hand, the signal is not one ot ftrm and podtUm but 
of color only. It is argued that it cannot be as clearly seen in 
stormy w^eather and on that account is less safe. While it is un- 
questionably true that the signal indication is h»ss visible in bad 
weather than a semaphore, }et the net advantages of the system 
are such that the system is very largely used. 

The external ajifiearance of the top of the signal (the post 
btdng omitted in the illustration) is as showm in Fig. 150. Clear 
is indicated by the disk opening showing white. To indicate 
danger a very light screen, made by stretching red silk over a light 
hoop, is^swung over the opening. At night the lantern on the rear 
side shines through the opening, showing white or red according to 
the position of the screen. The detail of the mecliauism, shown 
iq Fig. 151, explains its o})eratioii. When the magnet is enetgined 
the disk is drawn up out of view and the signal shows white. If 
the eurreot'fafls for any reason, the disk falls by gravity and oomes 
into view. The power required is so small that the magnet not 
controls the signsl but dlse develops the power to move it. 
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147. WlTM and Pipes. Wires are used for the transmission 
of eloetric current and pipes are used to transmit pneumatic pres, 
sure— as discussed later. But the above heading refers to wires 



Klg. ISO. EttcliiKed Signal. 


and pipes as used to lueclianically transmit motion from the signal 
cabin to the signal. When the parts may be made to work bj 
tension, No. 0 wires may be used. When it is required to turn » 
right angle a grooved wheel is used and a short length of chain 



Fig. 16L Ball Automatic Signal IdUigneU 

is substituted for the wire. Slight de> 
flection for pipes is accomplished by means 
of n series of bent rods running through 
gui^BBi M thown in Fig. 152. If the de- 
flection' is greater, each rod must have a 
**baD emnk.’* It is possible to work a sig- 
nti iridi ono urin^ d^ndiog on gravity for the reverse modon, 
W gtod Sipetioe nqpdras n vim lor each moth^ £flglial*^ 
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sometimeB operated luechanlcally at a distance of* 2,000 feet froni 
the cabin. For such, wires are practically a necessity, bat wb&ii 
tbe signals are nearer, pipes whicb may exert a pash as well as a 
pull are used. 

Cm/ijtenxatoi-H, The coefficient of exjmnsion of iron is so 
high that the cliange of length in a wire or ])i[)e several hnndred 



Fig. 152. 


feet long is so great that the signaling inechauisin is thrown out 
of adjustment unless there is some automatic device to counteract 
it. The change of length of 1,500 feet of wire due to a fell of 
temperature from 100'’ F. to 20“ is 1500 X 80 X .0000005 = 
0.78 foot r= 0.30 inches. A much less change than this would 

require ad justment. Tlie geometrical 
*i— j)rinciple of the automatic comptuisators is 
ij \i shown in the upjM^r part of Fig. 153 and 

i I the practical construction is shown below it. 

By reference to the figure it may be seen 
that if the pipe ab contracts so that I 
ft moves to the point o would be moved 
to where bb' = Cf*'. But if = «4, ate 
w k. would also contract to ftc\ Therefore if. 

the compensator is placed midway between 
the cabin and the signal, the cabin end of 
' the pipe being fixed, a point at the, signal 

mid would retain its jMsition regardless of any temperature change. 

Praetically these arcs should not be required to work through 
totf 'great aa angle. It has ^n found that 500 feet is a denrable 
itnik Therefore if a signid was 1,000 feet away from the 
^lf#i»apeaaitt(MM ahoald be used, each placed 250 feet feom 1fe» 
iipAk IQien the podtUm of Ifefiiiods and dte middle 
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be anehanged by temperature. It shonld be noted tbat the in* 
eevtion of such a mechanism changes the direction of the motion 
of the pipe; i.e., if ab inoves to the right ed will move to the 
left,' and vire verm. Therefore one section or the other must be in 


compression, and snch a com. 
pensator is applicable only to 
pipes. Ko compensator which 
is equally satisfactory has ever 
been designed for use with wires. 
They all require a spring or 
weight which takes up the slack, 
but if the wire gets caught some, 
where this spring or weight may 
be pulled because its resistance 
is less, and then the signal does 
not operate. Several designs are 
in use and they work satisfy** 
torily as long as the mechanism 
is in order. 

148. Electro-Pneumatic 
Signals, The mechanical move, 
ment of signals by wires and 
rods is practically limited to 
about 2,000 feet and even at this 
distance it is troublesome. Elec, 
trie power from batteries may be 
used when the power required is 
very small. An electro.pnen. 
matic system uses compressed 
air whose power can be sent any. 
where through pipes and which 
may be made to move not only 
dgnals but switches. The valves 
ooBtrolUii^ the pistons ate oper. 
ated electrically by a current of 



Fig. IM. Rlectro-Pnmmiatlc Afgnal 
Mecbanlsm. 


low intensity, whidh may be provided by batteries bnt which in a 


plant of much magnitude is more economically obtained from 
mmagebatteries which arecibarged from a dynamo. Theopeiatimi 


»s 
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of the valve is shown in Fig. 154. In the position shown the 
magnet is not energized. When it is, the armature (at the top) 
is drawn down, whicli ojiens the conical valve jnst above the spring, 


and the air pasbcs from the pressure pipe through the valve and 
down the jtassage alongside of the valve chamber until it bears 

on the top of the piston, which 



is bhown in its extreme upward 
position. When the piston is 
forced down, it will raise the 
counterweight (see Fig. 155) and 
put the si gnal at “ clear.” When 
the magnet is de-energized for 
UHtj reason, the spring forces the 
vaUe up, the air in the cylinder 
escajies through the exhaust and 
the counterweight not only raises 
the piston to the top but draws 
the signal to indicate danger. 
A failure of either the current 
or the pressure will thus put the 
signal at danger. 

149. Electric Semaphores. 
Still another modification of au- 
tomatic signals is the electric 
semaphore, which is a semaphore 
of the usual type, operat^ by 
an electric motor of about } 
horsepower, the motor obtaining 
its current from a set of 10 to 
16 Edison-Lalande battery cells 
which are placed in a box at (he 


Fig iw i.i« tro i*npumauo Signal. foot of the signal post. The 

motor winds up a l^ht wire 


cable which raises the counterweight and thereby sets the signal 


at ‘*%lear.” Tlie motor is started and stopped by the action of a 
l^ay connected to the track circuit. The track circuit has die 
fnndameutal priaciples previously described, but has been made 
aeinewbait complicated so aa to provide lor the opeimtioa of distant 


me 
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as well as ^ home signals and also the protection of and from all 
switoliM in the section. For the details of the track circuits the 
student is referred to the more complete works on this subject 
previously mentioned. 

INTERLOCKING. 

150. Principles. The interlocking of the switches and sig. 
nals of a large terminal yard is such a complicated piec*e of mech- 
' anism that any adequate explanation and description would require 
too much space here. Nothing will be attempted but a demon- 
stration of the fundamental principle. The reason for the nec*es8ity 
of interlocking is simple. A mere inB{)ec*tion of the design of a 
complicated }ard will show that it is readily possible to arrange a 
large number of combinations of different sw'itch movements for 
the operation of an equal number of trains simultaneously. But 
the operation of such switches is controlled from a signal cabin, 
and unless there are limitations on the combinations a signalman 
would be liable to set switches and signals so that two or tni^re 
trains might collide. The fundamental principle of the interba ic- 
ing device is comprised in the foliowdiig stateincMits: 

(a) all switch signals are normally at dangei ; 

(ft) no switch for an^ route until the switches 

for any other route a collision have l)een locked; 

(c) the signal caunot^Hj^r’ on|in through any switch until 
the switch itself is set. "^/ts. 

Although an euginernan may cause a collision by running 
past a danger signal, the worst that A careless Hignalmaii can do is 
to delay traffic. He cannot set signals and switches so as to cause 
a collision or even a side swipe.’’ The design of the interlocking 
machine must therefore be based on a study of the safe combina- 
tions, and then the interlocking machine must have its cross 
looks ” and locking dogs ” so arranged that no interference is 
possible. The case illustrated in Fig. 156 has purposely been 
made as simple as possible. The upper part shows merely the 
locking dogs (shaded full black) which are fastened on tonhe 
locking bars” (which run crosswise) and the ‘‘cross locks” 
(shaded with cross hstching), which move at right angles to the 
lo^dsg; bars. - In the lower part of the figure are shown the i^paaia 
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and tracks for a orossovor from a main track. No. l^is the dis< 
tant signal, No. 2 is the home signal governing the main teaok 
with respect to the crossover, No. 3 are the switch levers which 
w^k siffti^^fiS^ousI^, No. 4 is the signal governing movement from 
the siding to the main track, and No. 5 ib the signal governing 
movement from the main ttack to tlie siding. No lever for a sig- 
nal or a switch can lie moved without simnltaneonblj moving the 
locking imr (liaving the I'orrespd&ding numWr) ftom right to left 
as shown Tn tlie iigure. 



liig IML Intertoiktps 

h ■* 

'The wedge-shaped ends of the Iw'king dogs 'Will move (if 
possible) the cross lucks with which thej^ m^ coille in eoAtact. If 
any cross lock is immovable becanse it is alreii^ in contact with 
Amie othli^ locking dog, then it will be iniipo«isrohp *'0 move that 
lever until tho lever (or levers) controlling all interfering locking 
do^ have been so moved as to nsniove the obstruction. Ihe 

of the locking dogs in Fig. 150 is Ihft for all signals normal 
or at SuppoBe,*it| were attempted to “clear’* ngnal 

1. do 80 ^ loehing W No. 1 must move the cross lock 
]|o. 1. Bat this is impoesiblp*^ Since one of the dogs on lodcing 
Kt>. 2 int^rlarea. Lever No.-! oannot therefore be moved nt^ 




]UitEOAl> 
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Isrer No. 9 |IAwb been cleared, whiebi'op^raS^^^XBl^vetbat dog far 
etMMigb to, the left so ttHat-tbe cnm' A^d this 
is in Sioccn^nee with the principle that a distant 

signal should not Im clear^ until its ho<b^4uJ^Js ^S^Und. ■ ^ 
As another illustration, w]|en thfe'>S%fl^ No. has bwn 

^'of its attached dugs, 
'a cross^loch is theft set 
s No. 3 adlT’Ko. 5 and. 
he sij^ttls for. toe 
set for a clear 

n of the 
to that the 
•«!nn|iAO trac^ 
when it is de- 
the switch, and 
a train eould run 
Ik>th No. 

run from ofiO Intok to 



cleared, the locking bar No. 
moves the cross lock No. 
gainst locking dogi on 
prevents tlleni fronaabei 
crossover slionld not 
main track. 

Exercise. Th( 
upper part of Ki 
switch was set 
It should 1>e 
signed to ii 
No. 5 Js » 
baitkwa 
5 are si 
the 


thide 

the comp] 
iiiaabine. 'f'- 


Insive are each in one piece 
88 1o<^lC No. S . has t^ hpiJ®*’ 
jiart is moved It do^ but |gioVe 
P on loditingjl^lf; toh» 

: "parts. The tapp^fti uftneoesfary 
'^of levers shown, but might be neces-, 
rcompli(»fed system. • 

description makes no mention of a jitulti* 
for a manual machine, to Say nothing of 
lired'^tor an electro- pneumatic interlocking 
er tlie complication or how mjny may b* 


i.ihe.JSu%aibi|Hr of levers, the interlocking principle is as above. 


Ttt^CK MAINTENANCE. 

;W1. liboU. T<k>le should Iw- of go^ qnalit|*s®d ; well 

depigMid §ox their use. Beononw is this respect, |o juve.. initial 
is'i^ to iuftrease tKft lal^ itw sod since uio lalbr <oBto otw 
^taleftet of. track maintomme^ t veryOilH 




AdzeH “V 

Ax- ohoppiugWi- ^ V 
Ax— hand . . 

Auger, ‘Much 
Bars claw 
“ --crow 
“ — piiieli . 

*« - raising .... 

“ .--tamping ... 

Brace and hits .... 

Brooms (coarse) . . 

Brush hooka .... 

Oar hand 

o —push 

Oar chains 

Ohiaela- cold .... 

— track . . 

*♦ ^-'Wood 

Curving hooka ... , . 

Salk llue too ft- 2 

WlchUne.... r. 8 

Diawikave 1 lltomptog*.... 8 

SS2”<" , 

* Rake-gaiden J 

....... 2 Rail drai 1 

‘ :::::: i 


with box).24 


VeiolW*plkep«ft«' * 

] 

Water pail ot Jwg — » 

WeedacufflM ® 

WheeJbanowB 8 

Whetetoaea *■ 

Wire attatdttr 1 

Wiendwa— . . . . • 
•< .-ai(mlMgr(8^ * 
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The fin# eommept on the above list is in Ngerd to the bam 
of furious kinds. ere need for spikb palling. The 

ideal desi^ is onejpat T^old permit pdlling the spike with one 
-1 . . . that will also pull it 

^his is mechanically i in- 
been made and 
e old “bull’s 



stroke without cluuupi 
clear out without 
possible and in spii 
the new designs wl 
foot” claw bar see 
The “ F<'ron«j 
in a contined p 
by means of an oi 
“ C *roir ” 
symmetrically 
in eontradifatiii 
even with (oi 
of crow bars 
the crow barn! 
is far prefe: 

Titmji 
shonld tbi 
is rather 
as a 
•handle. 


spike which is 
and is operated 
of jthe rail. • ' 

hich tii^r down 
so-called “ p^nt 
the c)iisel edge is 
le bar. The number 
Camp’s opinion that 
the pinch bar form 

ore than 10 pounds por 
If the handle is solid it 
therefore sometimes made 
noth(<r form uses a wooden 

ovided Mith a handle of wood 
and safely held in jiosition. 
and 8 i. long, made of tool 
them or render them useless 
nntirraMi|[||^H^HN^^P^Hb and therc^fore a large number is 
necessary. 

Oaitgeg. These ma^M^ivided into three classes. The drst 
is the “ home-made ” type of wooden gauge which is perhaps brass 
bound. One comfton objection to this form consists in the danger 
that it will not always be placed truly at right angles to the track. 
Hie effect of this error is to make tight gauge. To obviate this 
error, the “ Huntington ” track gauge has at one end two lugs 
about seven inches apart and one lug at the other end. The ^uge 
fat tile distance from Ae single Ing to tiie middle point of the seven- 
Imdi Ijne, the tWKi lines being at right angles. The device is 


r 


m 
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retieally perfect provided that the tyo lags at the one end are Ixl^ 


in contact with the^ead of tl 
iifill make the gauge too 
short civcniar 
eter is the gatig^ 

Ham 

weij 
The 
work, 
haninii 
use the 
hammers 
unnecessary 
uniform size 
Track jaA 
are certainly lu 
more than one 
the gang to^niovi 
train, and iw» a 
Tra©k-iB‘^^;^cti ns ge 
betweeq the rajJs, 

Level Su( 

the upper edge. At one 
a base of about two inches, 
ning at the lower edge, 
the outer rail (see § ii|R)"Bho 
ill such work. If the requin 
step of the baatsj^ may be 
end on the inner Mil. ^ 
bul)ble^"^should he in the center^ 
level bubbles should be carefully watched and f Aquently adjusted 
if necessary. 

Shin^eln. The best shovel for track work is the short hasidled 
sbov^ with square poiQ\ made out of ^ single piece of emetUe 
sted. The blade should have a length of about in. Vhef; 

has been ifrorn dowa l^S in. it should be thrown 
trankwo#:* Its nae is then 



A slight error in this jee^pect 
e>‘ Warren ” gauge has two , 
complete circle, whose diam- 
bar. 

spike hammers should not 
^Mengtb of about 10| inches, 
occasional very hea^ 
The 10-poiuid striking 
k diisels rather than to 
done. The ballast 
for ballast and are 
' broken ballast of 

Fig. lal ' They 
gang, bat 
iti inability of 
unexpected 
effeotivo. 

bejdaefid 


>n. 
ion of 
refinoiMnt 
2.5 in., the fifth 
^nter rail and the plun 
is properly adjusted the 
Of course 'the adjustment of the 
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Ant handling Anders and paoked snow. The long>bandlud shovel 
is for digging post bolt». It should bo roun|ft)ointed. 

Tbe aboTO lialpincludes only^o tools winch will be required 
bj almost any titu^ Ganlptooks and peavins are freqaonily 

necessary for handling timltqff^ Bla8tiii|{ dirt^. wedges, powder 
and fuse are sometimes needed' to break q.D«|ese8 of rock which 
may ha^e fallen into cn^ * 001^18 and^ridge chaiiiifils get 
choked up with timber ‘ ‘ ^ debliB or various kinds which ma/ need 
ro^ and tackle to cle# them. A jim-crow rail bender is occa- 


sionally necessary, althungh such niay 

more section gangs. . 

1S2. Work Trains. work of 

confined to one ** section,” which 
miles 


made to serve two or 

V 

is usually 
n five 
y be 
8 , 



here they are 
an Extensive 
iubstitittad thronghont, or, in 
m tluWS is any work to lbs *donh«ir^ic)> beyond the 
routine work of ksspdng the track up to ||H^|imal condition, then 
a work train wKit Itf^lisoal Isrce of lalmH^&n accomplish the 
wo’‘k with greater economy, 

The work train is nsuidiywKnled by the vug||[||Aigine on the 
road, sometimes by oir^ which would otherwise m^nt to the scrap 
heap. Whatever tbe justification of this policy, it may be carried 
so to that n^lar train service suffers by the inability of the 
work train to keep ont of the way of regnlar traffic, or else there is 
' fibo fidse aeonomy of wasting the time of the work train gang while 
' tiyfng to aaye by ntilixing a worthless engine. A passenger engine 
whi«& may have proved too light for regular service is preferable 
toi migitto, since the work train should be capable of mak- 

hi(||^«di opaed fanning to a aiding and tbe load is usually light. 
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rainimiiin requirementB for the train should inoldde a lar^ 
caboose and a flat car prorided with large tool hoxea for pl<dE8, 
shoves, bars, hammers and other track too]§^ Uhderneam the 
cat>oose may be hung a large box in which may be stored ropes^ 
pulley blocks, chains, jacks, etc. Since the cost of tlrain crew 
wages, fuel, and 
use of the roll 
should be enoi 
should be so |ili 
The mini 
this should he 
Since the woik 
company must 
morning and evf 
homes, together 
boarding cars, p 
istfd -dining cars, 
cheaply fitted up 
crew is much largi 
storage of supplied 
ordinary box car, 
with four double Id 
side and four lower 
thus accoriimodHting, 

1)0 provided when th 
that it will have pi 
extra money spent 
men is immediately 

straggling off. 

153. Ditching. While of ditches is 

part of the work of a section gS|PPi^Mmi||^Bntly happen, 
especially wheifkthe slopes have it disintegrating B^SI|ad also when 
the slopes have been made orig|lDallyftoo steep, that the wtotofa 
frosts will fill np the ditches to sv^ an extent that it isj^t take^ 
oat with a work train gang. Ordinarily th^ section 
need to load such material oh their push car or on wt.^^ 
and ran the material out to )he end the ctoh hi» 

harmleeslT wasted. If (he cut is very long, rach hhnlhiig ^ 



be charged np»for the 
¥25 per day, there 
train, and their work 
onal expenditure, 
uld be about 20, and 
profitably employed, 
a great distance, die 
siderable time both 
to and from their 
ice, or of ^ovidiug 
two cars for kitchen 
can he easily and 
r 24.>nien. If the 
to kitchen and thq, 
/^.lutng car. An 
3 readily fit^l»d np 
iper berths on one 
on the odiOT side, 
ninodations 
ig is so regular 
lent. A little 
inforts for the 
work and less 








^Me the. rqjj[al»r aohedole ivilr not oftthtty 
long oa the main tradk, eapeoiallj on a 
ding must be done in the ahOTtest possible 
plies that a part of the gang ^uld remain^ 
train is running off to unload, and that they 
"l|» if the train must run to a siding merely to 
IS. During such times the men can scrme. 
1 from the tide slopes and loosen up the ml> 
that it is all ready for sh^irelRng w^en the 


nmVery d(w|i, |hcb mat^ndil is soraetiiuM 
p of the bank, even by using a temporary . 
earth is thrown and then again shovel^ to^ 
In anysuch oasel^e eiirth should be thi|^ 
19 of ^ the bank so as te guard aj^ihst itsT' 
the ent. It also shoufd not interfere wl^ <•, 
teh slKrald . have been cut oh the “top.oi^jlhtN 
)• watSK.|i^ the slope above from rnnnipg 


1^. The methods to be used necessarily 
of supply. If ties were obtainable from 
vered along the right-of-way on every sec- 
little if any distl^u-ion by a work train 
fhen,ae the other, extreme, there is no loca^ 
lies must be hauled itony miles and so dis^ 
W . distribution, by the trackmen will lA 
. S^ce economy requires that ties shall 
a^dsl count of those which are defective, 
fis that a q^rkeiTshall be placed along the 
requited, or that the number required 
.6 lielegrsph' poles shall be marked on the 
ie sCea adj^e train appro|id^edl By' .this 
.. J* off fSequired while the train is mov- 
six miles per hour. On light traffic roads 
tiosi' is frequently done 1^ ^e local freight 
y be •'Wid often is the Jrest pidicy, the cort 
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the circTunetiuiceB are so &rorable that 
cubic yards per day, the work may be 
hand hoveling. This is, however, about 
good ipanagenient a large shovel can take 
than it can be done by hand. 20 cubic’! 
cost of $1,25 per day makes tiie gravel 
cubic yard loaded on the car at the pit. T{ 
hauling on a Western railroad was comps 
to be 0.35 tent per cubic yard per mile. I: 
handled was very large and the cost may U 
ally low. 

When the work is done on a small sea 
the gravel is loaded by hand, hai^d metb 
unloading, but tliere is great economy in 
unloading. This implies the use of flat 
almost universally used for ballast work — I 
ented ballast cars. The plows are center 
unloading,” and some of the most recent i 
that they will unload all to either side or wi 
in any desired proportion. The plow is dr 
cars by a cable. The cheapest method is 
desired, set the brakes, uncouple the lod 
1^" or 1|" wire cable. Commencing with^ 
the locomu^ae moves ahead and draws thi 
This method' has many objections, espec!|l 
curves. A much better method is to have a . 
engine, which may be supplied by steam 
deltible tube, if the car carrying it is pi 
the locomotive, or preferably which is supplT 
placed on the car. A wire rope from this 
One greafc,advantage|Ctb 4 s method lies in 
san be kept moving if laired while the pldU 
If it is desired to dist^ute less ballal^ 
the oar iMd, it may be donl^lg^ movi 
inch a speed that will give^thevesired 
method is veiy useful when n||pik|>|g a fill 
swaidioat. By putting the jdow at tiherHir 
dm plow backward, the speed af ^ td 


mmmmMtm m 

Biatrial will be deposited with as gteat 
If it is desired to fill up a hole, the 
deposited in one spot by simply baultug 
as the train moves forward. The average 
a cable has been computed as about 
5 yard. During recent years many styles of 
lasily and automatically unloaded have been 
^dome of these have b^n designed with the 
pMted in x*onnectioD with local fllnght trains. 
l*|he grivcl pit by a local freight going in 
are hauled to places along the toad which 
narlgM with stakes, are dumped with a delay 
^ then hauled on to where they may l>e side- 
bV to the pit by another local freight. Gon- 
ng hopper bottoms are also used extensively 

in;. This has become a very common form 
When the construction of a railn>ud 
ed and vrork is begun, any measure wdnch 
g of the road for tratHc has a very high 
trestles have t)een built where embank- 
^of [)erinauent coustruction. The prelimi- 
)8tle8 is further justified by the fact that 
ion of auffiinbankmi^nt would often involve 
ith teams from borrow pits in the neigh- 
fill may be made by||(re train Itftul, as des- 
less cost. Ibcideii tally, time id allowed to 
water flow through the hollow crosaSl^by 
^f the culvert required may be more accu- 
e cost of the ctilvej^, which may be very 
{erred to a timAw^Jlp the road can better 
that many existing trestles were built the 
localitioB WMff> small thfit the trestle may 
per. w 

3 iw confronted by the iieceesity of either 
filling in dMRh earth. While the relative 
epmdiiig on the local price of timber^ the 
supply of available filling and the^ methods 
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to be employee^ yet as an approximate figure 
tills ^s high as 26 feet may lie tilled jurit^i ea 
trestle can he reconstructed. Bat when it is 
tioii that the average amount of tiiril)er req 
repairs of treaties is about one-eighth of the y 
lalior involved in maintenance is very great 
significant on an embankment, also that tl^s d 
a trestle the disastrous results of a derailiii 
on a:ttrestle is so much greater than on an eml 
at which it becomes economical to* till with ea 
Btriicting the trestle increases until it may rea 
tilling in of high trestles involves several 
features. The hollow may have at tlie l)Ot 
which cannot sustain a heavy embankment 
settlement. Such a settleiiient will prove 
any culvert unless a solid foundation may I 
such conditions a pile or concrete foundatio 
become a necessity. 

The dumping of earth and particular! 
and clods of frozen earth may do serious inju 
means are taken to guard against it. This m 
an^ ‘‘aprfbn ’’ on each side which will deflect th 
outside the trestle. As the piles grow on eachj 
space w’ilL Iw filled up. The longitudinal b 
apt to suffir are fftmetirnes strengtliened by 
may be old stringers, etc. Tlie tilling sliou 
along the length so that the l^ents will not 
by an un8iip|K>rted pressure of earth on one 
forniiHl merely by dropping earth loosely f 
will be steelier thai> can he retained perman 
frequently a disastrous slip. This feature j 
Uie earth by scrapers as the tilling pr 

additimiq^ merit of packing tlie earfli so 
settlement aiid the ^ .pulled 

bed may be c6n8tructed|rtl^''toa 
Otherwise the settlement is that e 

mnat elapse before traek h^yi^l is^i^tiniwab 
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Wtlt» 10 per cent. This uartb<spr«iiding 
. tite f<»lr two or thro# ciMits {nv cnUic yard. 

o^ filling material ia an important matter. A 
soil ia the bi>st. (''lay ia apt to Iw veiy trouble- 
aomOk^^^^ JtilpmKtto hard it may be in dry weather, it will 

slip fiilliwun it l)ee(>tnes uet. Tliia ia eajxH'ially true when 
the base of a fill ia on a steep side Hlo{K^ In this case the whole 
fill i||ay alidh down tin* hill. One meana of preventing this ia to 
dig tmches along the hlujie. Even plou'ing the aurface in contour 

furrows may be anfilcient to prevent siioh a alip. The material for 
BUoh a fill will usua]\}' come aa the HfM>il from a wideiitMl cut, loaded 
pwhapa with a'Steani ahoAel into dump cars or on to fiata from 
which it is scraped by a plow, as ptevioualy deacrilted. 

Hie pract^ 9 pf unmediately planting tufts of Jiennuda grass 
and even tree e, which will take root and grow and thiia bind 
the etnl>ai|j|ime ir^ther aa well aa cover it with a aurface of aod 
“which will proJe^ "from rain-waah is a meaBiire of true iHSonomy 
whicli always Jiaya. ^>e total cost of hucli a fill must combine tie 
coat of dpadidg, haimiig. spniading (if it is done) and the other 
,expenMS iwetdratal t(» making a tinishe<l emlianknient, but the 
record made by many roads on ^ese itema show that it may be 
dona abTeiy^’nfucft less cost tlian by tbe methods which Are uatt^l 
or poaaitfie during (be original construction >f tlie road. 

;fS#. (IrgatllM^n of Track Maintenance Labor. Although 
t|iera1CtnasHBh, variation in' the pnu'tice of roads a« to Ihe^uoeeasion 
of authority among {he itigher otHeiais of the road, there ih a very^ 
ge^pral agraament in placing the immediate supervision of tbe 
taapk lor etaii; division of approximately one liundred miles under 
a ttum Icnowb as loodmaster or jierliaps siipt'rvisor. Some roads 
extaiM^ tbe ^adtimri^ of the roadinaster over a greater length of 
road and . Aja ummiDiiit ‘'supervisors” who individually control 
a)pdMar hm(pilvm^CVho rejairt to the roadinaster. The supervisor 
al, aji^ litldbi^ fHtdbibn superintends the work of the several section 

usnally re[)a||^Hk division engineer, Imt 
iceptlonbl tpip^lRe or which ihay involve 
the roadmaatar is expected lo do hit i^tina 
orders aa4 to ha Tasponsible for its pta^ 
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execution. The roadiuaster should be thoroughly eonrersaat with 
every phase of the work done under him, and altbou^ it is pi«l0C« 
able that he should have come up from the ranks, he should hav» . 
a far better education than is possessed by the large majcMtity of 
track laborers. The best roadinasters are those who have a technical 
education but who have served a sufficient time in 'the ranks to 
have bceoine fomiliar with the practical details of track work. 
The Southern Pacific li. R. Oo. require a roadmaster to ^‘.jjass 
over the entire straight portion of his districts, either on foot or 
on velocipede cars, at least twice every month, and over that por- 
tion in canyons and in the mountains at least three times per 
month.” lie should have the work of the entire division so thor. 
oughly mapped out in his mind that he has a sufficiently clear 
idea of the condition of every part of his division at any time and 
thereby save himself from censure due to any ii^lect of the track 
work at any place. 

The most effective way to do this is to have the section fore- 
men under such a state of drill that there will be no htilure to 
remedy any slight defect'or report a greater one. The roadmaster 
must rely on his discipline of the section foremen rather than on 
hie personal observation, although he should not relax any effort 
to make his personal observations as thorough as possible. 

The section foreman should generally he a man who has served 
his time as a track laborer, but he should also be a man who has 
sufficient education and intelligence to make out reports and cor- 
rectly interpret plans and tabular statements. Another absoluttdy 
essential quality is an ability to control men without violence or 
abuse, lie should' not only thoroughly understand all the details 
of maintaining a track in condition, but should be able to repair a 
track and*make it safe fur trains in any ordinary emergency such 
as a broken rail, a washout, or a tearing up of the track due to a 
wreck. He should familiarize himself wi^ all rules of the road 
regarding train running with which he may ever be immedlalailjr 
oonoerned, an^ also wi^ aH'rales and standards of track eonatme*. 
ti<m which inay have been adopted. 13)0 last qnalificatimi, whiidh 
is beomning mote and more/Nsentfal, rMaes die standard far aen>< 
don forem^ above what was fonneriy eensidNnd neheaaaty. 
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. Hanj roads require (by their roles) that the foreman shall 
tdce part in the manual lal>or of*tbe Mug. The wisdom uf ^is 
role depends somewhat on tlie work bmng done and on the num* 
her of men in the gang. If there are as many as eight laborers in 
tho gftogy the foreman may hitve all he can do in directing them. 
It is frequently advautageons to have the men work in pairs, and 
when the work is light, it may l)o lajst to have live laborers with 
tht>*foreman in a gang, and then the foreman may work with the 
odd man. 
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ECONOMICS 

RAILROAD FINANCES 

159. Capitalization. Practically all of the following state* 
ments regarding ‘capitalization, etc., of the railroads of the country 
are taken from the reports of the Interstate ('ommerca C 'ommisnon 
and may, therefore, be considered as reliable as any which are obtain* 
able. Many of the following figures are taken from the report for 
the year ending June 30, 1012. At that time the capital stock 
w'as given as $8,022,400,821. Disregarding the fractions of mil* 
Uons, the funded debt, expressed in millions, was 11,130, or a total 
caidtalization of 10,752 million dollars. This represents approxi-^ 
mately one-tenth of the national wealth. The “investment in road 
and equipment", to June 30, 1912, was stated as 10,004 millions. 
Unforttmately the finances of railroads hii\e been so manipulated 
that any statement of “cost of road" do» not usually represent 
the capital actually si)ent on construction. 

The above figures apply to 237,467 miles of line, the total 
mileage bdng nearly 247,000 mUes. The railroads directly empbyed 
1 , 716,380 emploj’es, to whom they paid over $1, 2.52,000, (XK), 
which was over 44 per cent of the operating revenues, amounting to 
more thui $2,842,000,tXX). The employes represent a population of 
p^haps eight millions wrho are direc'tly dependent on the railroads 
for support. Considering the industries, such as locomotive and 
car dmps, wluch depend entirely on railroads for business, and also 
the industries, such os steel mills and bridge works, which have 
nihraads as thehr largest customers, it may perhaps be estimated 
ibat one-fonrth of the eatire population at the country are directly 
or IttdBiectly dependent tor thdir sappart on tadniiuis. 

tt (he nigiufMpit is carried stffl andi.the fact is 

lAnA that a ^ve^latge^ptoportion of {ffodhets 0 agtksdture. 
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mines, and manufactories could not otherwise be transited 'to 
consumers, or would not be utilized and, therefore, would not be 
produced, the debt of the country to railroad transportation may 
be better appreciated. 

Although the stocks and bonds of many of the smaller rail- 
roads are owned by large corporations in their corporate capacity, 
yet of the total of 19,752 millions of stocks and bonds outstanding 
in 1912, 13,986 millions, or about 71 per cent, were owned by “other 
than railroad corporations” — chiefly private investors. On the 
basis of total assets of 19,752 million dollars and an estimated 
population of 95, 172, (NX) people, the average ownership is over 
1207 per head of population. The total operating revenue of over 
$2,842,0(X),()00 represents an average pajment of nearly $30 per 
inhabitant, for the year. The “number of passengers carried one 
mile” was 33,132,0(X),(XK), which means that the average passenger 
traveled 348 miles during the year. The average number of pas- 
sengers on a train was 53 and they traveled an average journey 
of 33.18 miles. 

, The “number of tons of freight carried one mile” was 
264, 080,000, (NX), which means tliat the average inhabitant supplied 
a freight busine.ss equivalent to moving 2775 tons one mile, or 
moving one ton 2775 miles, or moving 50 tons 55 miles. As an aid 
to grasping thi.s perhaps incredible statement combined with the 
statement of an average annual payment of $30 per inhabitant, it 
should be remembered that w'henever a tun of coal or even a |>ound 
of sugar is bought, the price paid includes payment made to a rail- 
road company for freight. 

While the above figures must be considered timply as aver- 
ages, and not necessarily applicable to any one road, they give some 
idea of the^muignitude of railroad butiness and what the average 
nulroad may be expected to do. Considering, however, that the 
great railroads of the country are already built, and that the roads 
yet to be built will probably be of minor importance, even sitdi 
an average statement could hardly apply to any new entei^iae 
ajmept,with a very large discount. 

Idiftt Stocks and Bonds. An or^nary mercantile btuiness, 
even an ordinary factory h conducted on the capital diieeCly 
! tBviished lor jjknv owner' or owners. HwiefOie nay neotfit vner 
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the <^)erating eqxnses may be apjdied as dividaids no matter 
1 k>w small the percentage. Very few of tiie railroads of this country 
have hem constructed, even appronmateiy, on this basis. Usually 
a large part of the virtual ownership of a railroad is represented 
by bonds. The limit of the issue of the bonds may be that whidi 
expresses the confidence of the public in the enterprise, or, in olher 
words, the value which it is assumed that the whole property could 
be'Tnld for under a foreclosure sale. 

During the earlj' history of railroading, when railroads were 
being run through well-established communities which were udth- 
out railroad facilities, the success of the enterprises seemed so 
certain that little or no difficulty was experienced in borrowing 
OA bonds capital siifficient, and even more than sufficient, to construct 
and equip the road complete. But such opportunities are practically 
past. The capital stock actually paid in represents the margin, 
or the uncertainty between what it actually will cost to build the 
road and its estimated foreclosure value. The nominal issue of 
stock is usually about equal to the issue of bonds. In lOlJ, the 
ratio was 86 to 111. 

At its best, the inception of such an enterprise means a con- 
riderable outlay of money. A group of men, acting on the belief 
that a road passing through certain towns will be a profitable enter- 
prise, forms a temporary organization, develops the enterprise, has 
surveys made, and then if the developed plans still look encouragmg, 
has bonds engraved and placed on the money market for sale, 
usually through a financial s^mdleate. Even if it were possible 
to raise enough money for acttial construction, the amount of money 
required for this preliminary work, although but a small percentage 
of the gross amount reqtured, is sometimes a large sum of money. 

The gross amount required is increased by the frequently 
ignored fact that a road does not attain its "normal” traffic for 
five or ten years after it begins operation, and unless it has suflident 
is “woridng caiutal” to tide ovo’ the initial period when it 
does not perhaps pay operating expemies, it is very apt to go into 
the hands kA a reenver. 

Stodis and bdid$ taay th^ore be conrido^ os representing 
two fbnDs««f ownenhip. llie iatoest tut the bonds is a Hen on 
‘die leeriptSt^afW the operating eaqiinses have been paid. Siieb 


J8P ) 



204 


RAILROAD ENGINEERING 


interest must he paid in full before any dividends on stock may be 
paid. The security of the bonds is therefore* comparatively go<^, 
and the profit comparatively certain although it is small. 

On the other hand, the stocks are much more speculative. No 
dividends are paid until the operating e\i>t‘nses and the bond interest 
are fully paid; and if the latter is not paid, the bondholders have 
a right to d(*mand that a ^Veceixer” be appointed and if necessary 
that the road be sold. Since such a sale vill not usually realize 
more than the face xalue of the bond^ (and sometimes not even 
that), the stockholders ma\ lose their entire investment. But if 
the road makes monev, the extess which may be allowed for divi- 
dends may be a very large return on the amount of capital actually 
paid in. It may very <‘asily be shov\n that a comparativel.v small 
change in the amount of business done may suffice to change a 
good profit for the stockholders into an actual deficit, which makes 
a receivership dangerously probable 

The relative profit on stocks and bonds and the fact that rail- 
road securities, although sometimes verv profitable, are very pre- 
carious in v'alue is shown by the following statements: The year 
ending June 30, 1902, was the best >eur (up to that time) ever 
known in the railroad business. But, in spite of this, 44.0 per 
cent of all railroad stochs then in existence paid no dividends. 
The average rate paid on di\iclend-paving stock was only 5.55 per 
cent. Even granting that much of railroad stock is “w’atered* — 
W'hich means essentially that it represents little or no cash actually 
paid in— the fact remains tliat during that jear 44.C per cent of 
all the stock issued paid no dividends. From 1895 to 1897, over 
70 per <*ent of all railroad stocks paid no dividends. 

The record regarding bonds is muc h better, the percentage of 
the entire bond issue which failed to pay anv thing during 1901-2 
being less thtfti 5 per cent. While it is true, almost without excep- 
tion, that a railroad builds up the section of country through which 
it passes and increases its v'alue far beyond the cost of the roadi 
yet it is also true tliat very few roads wdiich are old enough to 
Idive a history have escai)ed a'jceceiv’ership at some time in their 
growth, even though they may now' be gilt-edged properties. 

Qroas Revenue. The ej^timatuin of the probable v6luiiie 
o^ traffic or the gross revenue of a proposed road canmily be amnoot* 
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lifted at best and even this requires experience. Since it requires 
five years or more for a road to attain its normal traffic, investors 
should not l>e <Iisiipi)oiiitt'd when the returns for tlie first few years 
are less than those aiitieipattsl. 

The only practicable metlKKl of estimatinfc traffic is to study 
the rebources of the belt of country w liich will be tributary to the 
propostnl line, estimating the business obtainable from every factory, 
mine, blast funuu-e, farm, \illaf^‘, etc. When, us is usual, the 
line passes throu);h or reuebes cities which are already supplied 
with railroad facilities, the cletailc'd computation of business becomes 
very unccTtnin. But if the chief business of the road is to develop 
IcK-al business alonjf a route which has no otlu*r means of com- 
munication, then the computation is easic^r. The two dangers 
in the method lie in tlic entire nc*glt‘( t to allow for c-ertuin important 
sources of income and, on the other hand, to overestimate the 
income from a c'crtain source. Analogous to the Inst is the neglect 
to alhtw for prcsc*nt or future <’oinp<‘tition, which may practically 
out off .sourevs of income. 

Although some idc^a of the imaluct of fuc'torics and utines 
may be obtained from records as to tlu'ir present or prospective 
output, the income from passemger business can only Ire computed 
from com))arisons with other roads. 'Die freight business is gen- 
erally tw'o-thirds of the business of a i ad, except on those roods 
which have an cn<»rmous suburban traffic. The average receipts 
p<*r passenger ntile art* about 2 cents, but it is the enormous com- 
muter business and the grc»wtli of trawl on 10(K)-milc tickets whidi 
bring dow’n the average to this figure from the usual charge of 
3 cents iier mile and the ei en higher charges on roads with light 
traffic and very heavy expenses. 

As a rough check on tlie alMtxe method the annual reports 
of the Interstate Commerce Commission give the gross earnings 
from operation for the road in ea< b of three sections into wluch the 
country has been divided. Dividing this gross value by the popu- 
lation of the section (which i.s deducible from the report) an average, 
value per head of population for that section is obtainable. Ute 
value for the whole United States is, as previously stated, nearly 
130, but the value for some one section may prove quite different 
from this! Mul^plying the value obtained by the population 

m 
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which may be considered as tributary to the route of the toad* 
we have a very approximate value for the income of the road. The 
two obyious weaknesses of the method are that the recripts of 
the proposed road may prove very different from the average for 
that section and also that the computation of the tributary popu> 
lation is a very uncertain calculation. But since the method may 
be easily tried, it furnishes a check of some value. 

As a better check there are usually one or more roads whidi 
may be selected which have substantially the same characteristics 
and whose incomes per mile of road are nearly equal and which sup- 
posedly equal tlie expected income of the proposed line. Assum- 
ing the existence of such roads and that the engineer has soimd 
judgment in estimating their characteristics, this method should 
be employed if possible, at least to check the value of any other 
computation. 

The number of passengers per train is of course very uncertain. , 
The average number of passengers carried for each passenger-train- 
mile, as previously stated, was 53, which b less than a car load. 
And when it is considered that even this average includes the heavy 
traffic roads and the well-filled trains on suburban roads, the average 
number on a light-traffic road must be very small. The numb^ 
of passenger trains per day bears but little relation to the number 
that can be carried in one train load — as the above (53) shows. 

The passenger business must be developed, coaxed, and encour- 
aged, which can only l)e done by a frequency of service which b 
usually far ahead of the requirements from a mere hauling stand- 
point. It is a very poor road which cannot afford two passenger 
trains per day each way. The total number of passengers carried 
might not suffice to fill one car, but it would probably be a 
greater number than would be hauled if Jlhere were only one train 
per day. The criterion for an incr^ . ..^ymuld appetj' 

tobeasfollowrs: ^ 

When it may be shown that,. * ^i|a4*cUitMS doe to 

an addirional train vdll so enoo' (ift the aHiBtiimijii' 

receipts will equal or exceed the cq, * '**''**'' ^ 

brill be less than the average cost added 

train will evidently* be justified. 

The average revenue per paasehj lor 1912 was 
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given M $1.29, v^ch incliides recdpts from, mail and express, as 
vrdD as passenger receipts. The average receipts per freight-train- 
nnle was $3.$2, or more than twice as much, and tills, in spite 
of the fact that a passenger, weighing perhaps 150 pounds, paid 
l.%7 cents per mile, while a ton of freight paid 0.744 cent per 
mile. This great ihfferenoe is partly due to the fact that the 
ratio of dead load to live load in freight is about 1 : 2, but on pas- 
senger trains it may be 5 : 1 or even 10 : 1. Another reason is 
that freight trains are made up, if possible, so that each engine is 
hauling about the limiting number of cars that it can handle (<wt 
as to reduce the number of trains required) while, as stated abo\e, 
passenger trains are run frequently, and light, so ns to encourage 
the passenger traffic. 

162. Monthly in Railroad Business. One danger to be 
considered in the estimating of gross revenue, and also in the sub- 
sequent desigtung of the road and in the faiilitics offered for traffic , 

' is the assumption that the road *‘wiU have all the traffic there is" 
Even ignoring the effect of postible future competition, wl u b 
may be encouraged and somewhat develoiicd by a marked lack 
of facilities on an existing road, it should be recognised that a large 
part of the traffic deiiends directly on the facilities offered. A 
factory’s very existence depends on its ability to collect its raw 
material, manufacture it, and deliver it at the door of the average 
consumer, perhaps in a distant cit^, as cheaply as other manu- 
facturers of the same article, lender close comiictition, an increase 
in one single item of expense, such ajj cartage from the factory to 
the railroad, may make up the difference bctweim profit and loss. 

The ideal location for a railroad is that it .shall pass through 
the heart of the manufacturing district of any city and that its 
passenger station shall ** ’ocaterl in the immediate neighborhood 
he buriness ' ' . The purchase of such property 
for ttacws stations 'ty is well established is of course 

ve r y hiMt of & location which is con- 

>cati<ni are very great. Ibese 
disa«. .der competition tiiat a road’s 

traffic may oe pmcuca* Even the passenger business is 

gni»% affected. Th * who will travel anyway regard- 

Ismaf iiie(Hfveffieiie*~ft .tnittvely few. 

I 
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The most important practical feature of this question lies in 
the fact, r(»fcrro<l to Iw^forc, that the margin In^twecn profit and 
loss is very small, that a very large proportion of t!ie*gn)ss revenue , 
must be paid out for opcTating exi)eiises, that nearly all, if not quite 
all, of the remainder goes to pay interest on the bonds and only 
a small, doubtful percentage remains for dividends. Therefore, the 
dividends come literally from the unnecessary traffic which must l)e 
coaxed and which w ill not travel on a roa<l w'hich lacks conveniej^ces. 

The force of ibis may be seen still more by consulering the 
easy financial condition of a w'ell-estabHslied road. The receipts 
arc large and are i)artly sjx'nt in creating still further conveniences, 
commodious and convenient stations, better ndling stock, etc. 
These in turn encourage more traffic, w'hich still further increases 
receipts, until there seems to be no end to the financial ability 
of the road. Such roa<ls are the Pennsylvania, the New York 
Central, and some others. On the other hand, the poverty of 
a road begets a poverty of sertiee which still further de<‘reast»s* 
receipts until ruin is in sight. Many a road has been practically 
compelled to supply free cartage for freight (or allow for it by a 
n.‘bate) to compensate for an im-ouvenient fn^ight station. Since 
the Interstate Commerce regulations now' prevent rebates, rail- 
roads having ii\(*ouvenient locations for stations or terminals do 
not have even that method of compensating their hundi<‘ups. The * 
enormous sums paid to bring passenger terminals into the heart of 
a grt'at city are instructive examples in this respect. 

163. Division of Gross Revenue. Of the more than 2000 
railroad corporations listed by the Interstate Commerce Com- 
mission, a ^e^y large numlxT of tliem art* so merged w'ith the 
corporations operating them tliat their separate existem*e is only 
evident on pajicr. The capital stock of many of them is partially 
or entirety owikhI by tlic ojHTating company and tliey are operated 
under a great variety of leases, etc. It is therefore difficult to 
obtain from the financial statement of any of the large corpora- 
tions the division of gn>ss revenue. The following case is fairly 
typical of a simple, iiide[iefident riulroad corporation: 

It is an independent road 371 miles long, with a cajiatal stock 
of '$1,114,400 and a funded ^abt of $9,415,000, which is made up 
of bonds to the amount of 1^,555,000 and ^equipment trust obtl^ 
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gatktfis” to the amount of $860,000. This is evidently a ease of 
a road built chiefly on the proceeds of the bonds, the issue of stock 
4>eing quite small. The gros:> re\ enue for 1901-1 iK)2 was $1 ,708,937. 
Of this, $1,101,884 or 64.5 pt‘r cent was spent in operating expenses. 
Of the remainder, $5.'>*2,821 or 32.4 per cent was needed for the 
"fixed charges". Tins left only $.'>4,232 available for an,\*thing 
else. Although this amounted to ncarl.v 5 i>er ts*nt «>n the rather 
small dssue of capital stock, no dividend was dtH'lared. It was 
evidently prcferre<i to add this amount t«> their working capital 
or perhaps to use it in iinprov emcnts. Siu'h an action is virtually 
the reinvestment of profits for the improvement of the road. 

The complication, due to the corporate ownership of railroad 
stocks and bonds, as well us other iiu ome-l)earing projH'rt.v, by 
railroad corporations, makes it impossible to annl,>/,e the fliuineiul 
statements of most railroad companies as ensil.v as has bt'cn done 
above. A disbursement item b.v one corporation is an income 
item for another corporation. The Interstate ('ommercf (’ommis 
sion publishes each jear a statement which analj/'Cs the reiwris 
of all the roads of the countr.v and considers them as one s,v stem, 
wliich it. done by eliminating ail but the net balance of all inter- 
corporate pajments. Some of the itc*ms of the statement for the 
year ending June 30, 1912, an* as follows 

• V 


(MlillOllH) 

Oporftting revonuos uwl o|i<*nUionisj $2,H42, 

Oi)oraling Pxpi'nspM (tail oijrnilioii'sj 

Tof.il not revenue (adding a niillion from “outHidc* o|Mni<ion8' ; H71, 

Taxes accrutnl. 12()| 

• ^ 

Operating income ~ 761, 

Othes income (chiefly diMdends and interest f»n Mtoiks and wcurities 
owned). . 

Gross income 840, 

Deductions from gross income ^ehiefl\ <»ii fuiMlwl debt and net 

mtercorporato balances; 488, 

Net cenrporato incoiro for year 362, 

Adding oalanor of profit and toss, June «10, 101 1 1»124, 

Oms suralusy June 80, 1912 1,477, 

Net Um ouring year (from **adjustnipfiis, through profit and ioas") 30, 

Surplua avaflable for appropriation lf447, 

NeH dividends dedaiw during yi*ar $299, 

AppropiistiOiiB for extensions arid bottmnfnfs . . $ 63, 862^ 


ooRied to^tfaneral Indaoce diieet «... $1,095, 

K — “ 
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Although it inay appear ultraconaervative to have allowed 
dividends of only 299 millions when the “surplus available for 
appropriation” was nearly five times that amount, it should also' 
be noted that the net balance carried over was but little over one- 
half of the annual operating expenses. The balance, after pajdng 
interest charges for the year, would not run the roads four months 
if all inctime were cut off. While this is an inconceivable contin- 
gency, the maripn for w'orking capital is none too large. *Even 
this margin was rtsluccd 30 millions during the year. 

164. Fixed Charges. The fixed charges of a simple railw'ay 
corporation which oiwrates only the line which it owms will conust 
chiefly of the interest on its bomls. Besides this there may be 
the interest on “equipment trust obligations” which are merely a 
particular form of bond issued to pay for equipment needed by 
the road. Another item will be the interest on sundry interest- 
bearing current liabilities; this is generally but a small percentage, 
of the fixtHl charge.s, but the eummt liabilities are often made to 
disappear by a new issue of bonds which take up an old issue and 
at the same time tsivor all flouting liabilities. 

'I'he complicated financial relation.H existing between operating 
roads and their leased lines intnaluees some other items which are 
entered under fixetl charges. One of these items, which is alw'ajs. 
less than 1 per cent of the total fixetl cliarges, is called “salaries 
and mainteimm'e of organization”. These refer to the salaries 
w'hieh are paid to a few' of the general officers of a leased roaci w'ho 
are retained to continue such w'ork. Another item is placed, whmi 
it <K curs, among the fixed charges; this is the rental paid for a leased 
road. As this is an “intercorporate” payment, it did not appear 
in the abo\e general .summary for the roads of the Lnited States, 
nor did ia appear in the detailed statement of the road previously 
described, since that road had no leased lines. 

16$. Net Revenue. The net revenue is that wditch remains 
after the operating expenses and fixed chaji^es have been pud. 
gent>ral it is available for dividends, but practically n very coosiil- 
eraUe proportnm oi it will be devoted to im{»ovunenta or ta tike 
aocfUDiriatian qf a surplus which will sen'e as ‘SrarhinR capital". 
DuHng the year 1911-12, 34)67 per cent of railroad stodkpaidim 
iifivideads» ftthou^ the ease ipmted afaows is fanl oaeof tnuiy 
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vluch there was a considerable surplus after paying the operating 
^expenses and fixed charges. Dividends of less than 4 per cent 
were paid on 2.67 per cent of stock. 

Utis small proportion ^ows the tendency to pass the dividend 
unless it may be made larger. About 49 ])er rent of the stock 
paid dindends vaiying from 4 to 8 per cent. This represents 
the b^k of the stock paj’ing normal di\ idends. Smaller percentages 
of the stock paid higher rates. On 8.48 per rent of stock, dividends 
of 10 per cent and over were paid. Of course this la.st represents 
roads which are short and \er\' exceptional in character. It should 
also be kept in mind that the percentages of di\idend>]>a>'ing stock 
quoted above are almo.st the highest of any in the history of 
railroading. If general railroad conditions should ever r(‘tum to 
those existing in 1896, w'hen o\cr 70 jicr tent of all the stocks paid 
no dividends, railroad stock would t>e less attractive for investment 
4han now in spite of the abnormal profits wltich arc occasionally 
realized. 

166. Operating Expenses. Vniformiiy j)er Train-Mile. Tin 
clasafication of operating ex[>enses here adopt<>d will follow, both in 
general and in detail, the classification used by the Interstate Com* 
merce Commis»on. The figures given will, in general, Ih' average*. 
•This is further justified by the veiy’ reniarkabh fact that tljc expenses 
per train-mile are nearly constant, whether ihe trains Iks few or 
many, heavy or Ught. Of course there are very numerous excep- 
tions to this rule, but it will generall.v Ik* found that the marked 
exceptions apply to very short roads whidi cither have abnormal 
traffic or have peculiar financial n'lations wnth a parent company 
whidi is operatii^ it. 

The report for 1901-2 shows that the ten greatest railroads 
the country, each operating more than 4000 miles of road, spent 
$1,167 per train-mile. The average for the w'hole United States was 
$1.1796. It should also be noted that the ratio of total operating 
expetwes to total receipts from ofterations was 59.78 per cent for 
tOi roods and 64.66 per cent for the whole United States. To 
judge of the operating expenses of smaller roads, the figures for 
Kow ]0» Table XIV, were taJiai from the report, the selecdmis being 
Jtaadeat iatid«»a epCK^ that the lengths were all less than 100 mfies 
aSoCtbe toads wore “opctaiiiig indepcwleat”. 
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TABLE XIV 


Operating Expenses 


No 

1 k-Norii 

OpI'RAIINU tlXPKNftPH 

ItATio UP Total Operating Expknrw 

TO TOlAl RrClIPTB FROM OPERATION 


liiiiU a) 

PLH TBAtV-\llI» 

f|ipr cent) 

1 

21 2r) 

SO 7(X'i21 

71 02 

2 

6 2 60 

0 17S2S 

64 21 

S 

31 00 

0 (HNH» 

96 12 

4 

64 10 

0 OO.'WH 

4:1 41 

r> 

42 (X) 

0 5432.1 

63 07 

i\ 

61 (K) 

0 

81 05 

7 

50 (X) 

0 S71.56 

90 32 

H 

50 

2 07044 

97 .58 

9 

70 7S 

1 (ViS-Vt 

5:1 46 

10 

52 20 

1 7 m2 

1 

62 15 

Avt'i 

^ 1 

SO 97167 

72 30 [ 

10 linifKt^st lojui's 

I 167 

.59 78 

WliulrV S 

1 17960 

64 6f> 1 

1 


A littlf slu<l.\ of tho above figures will slum, as might Ihj 
exiH?cted, that local coiKlitioiis will so atfi'ct a very small road that 
its oiwrating c\{m‘iws imt traiii-iiiile may he considerably more 
or consi<leral)ly less than the average. The a\eragc value for the 
ten short roa<ls here chos(*n is les.s than the average for the Uiiiteil 
States, and altlunigh two of the ten are much greater tlian the 
average, it i.s found that the a\erage value for short roads is a little 
/m rather than more. 

The reasons for the uniformity are not difficult to understdnd. 
Although the gross ex^wnse of any one item (such as rail renew’als) 
for a large road is enormously greater than the same item fur a 
small road, the di\isor (the number of trains) is correspondingly 
greater and the quotient, which is the expense for that item per 
train-mile, is substantially uniform. 

Arerage Cost of a Train-Mile. The increase in the average 
cost of a train-mile is shown in Table XV, which ^ves the average 
cost of operating a train 1 mile during 23 consecutive years. Hie 
nearly uniform growth of over 73 per cent between 1895 and 1912 
is very significant. While predictions of future cost are necessuily 
guesswork, estimators in railHiad economics must make the best 
,fp8sible]xedirtions for fixe or ten years ahead. ThereseMosstobeiio * 
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TABLE XV ^ 

Average Cost of Operating a Train 1 Mile 

( VII lomis ml S ) 


Yeah 

Centa 

■\fam 

Cents 

1 1 All 

ClNTfi 

Year 

Centh 

1S90 

OG 006 

1S% 

0.1 S‘1S 

1002 

117 OWl 

1008 

147 340 

1891 

95 707 

1S«I7 

02 91S 

l‘MU 

126 (U)} 

I'KW 

143 370 

lS9t 

96 5S0 

' 1S9S 

0.") 6.1.1 

l^M)l 

i.ii ;i7r> 

1910 

148 865 

1VJ3 

07 272 

1 

OS m 


122 140 

1911 

154 3.38 

1S»>4 

17S 

l‘>00 

107 2HS 


1,17 (H»0 

1012 

159 077 

1S9> 

01 820 

1001 

112 20 > 

1<)07 

1 10 093 




reason to h(*pe for a decreaso in the rate or to e\iH*et anything olst‘ 
thiin a contii«M*tl inerea'K*, c\en though it may pro\e lessi rapid 
than hert'toforc. 

167. Classification of Operating Expenses. In Table XVI in 
^ shown the ohis>ili(ation adoptcHl h\ the Interstate (’ommeree ('om- 

mission— the total eost for eueh item, eadi item’s ]H*r eent i»art <>f 
the total, and the eost in cents jnr train-mile, which is found !• 
multiplying each pera’iitagc* by the aserage cost iK>r train-mile for 
that year ($1.69077, or 159.077 cvnts). While these' averages are 
very instructive in giving a broad view of the subject, they must lie 
^ used cautiouslv. For c'\ample, the fuel rtc|nir(‘d |)er mile for loc-o- 
motives is a very variable quantity, deix*iu‘'ng cm the si/e of the 
locomotive and the amount of work done*, and it would lie very 
foolish to make any calculations on the basis that the cost of fuel 
per locomotive-mile would be exactly JO 27 eemts. 

168. Maintenance of Way and Structures. The cost of ties 
is the largest single item for track material, the cost i»er train-mile 
has nearly doubled since 1S95. This has la'cn due to a c'ombination, 
in varying proportions, of three causes - fa) increascsl cost of tie*'; 
(b) lowering of quality to pass insjH'cticm, due tc> grc>wing wanaty; 
and (c) increase in train load and c'oncentrated wheel load, resulting 
in more rapid deterioration. There seems to lie no chance of decrease 

Jn cost in the future unless postably by more effective preservative 
processes or by the invention of a metal or a steel-concrete tie’ w’ltich 
dudl be so durable that, in spite of ineveased first cost, it is cheaper 
per tndn-mile. 

• Hie coat of roadway and track (item 6) is the labor of trade 
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TABLE XVI 

Analysis of Operating Expenses of all Railroads in the United States^ 
for Year Ending June 30, 1912, Showing Percentage. ef Each 
Item to Total and Cost in Cents per Train-Mile 


1 

n 

f 

Ac* Ol NT 

Total 

Auolnt 

(tbouflandB] 

Pbb Cunt 
or ttyTAi 
Expbvbbb 

CBNmm 

Trait*- 

Mur 

\ 

MAINTI NANCE OF WAY AND 
simnrRES 

Sui>ormtc‘nflen<M* 

Ballast 

•18,789, 

0 990 

1 58 

•) 

7.157, 

0 377 

60 

3 

Ties 

55,463, 

16,438, 

2 921 

4 65 

4 

Rails 

866 

1 38 

5 

Other track material 

17,346 

914 

1 45 


Roarl^ay and track 

129,397, 

6 815 

10 84 

7 

Removal of snow, sand, and k e 

6,920, 

364 

.68 

8 

Tunnels 

1,141, 

060 

10 

0 

Bridges, trestles, and culveits 

27,712, 

8,06b, 

1 460 

2 32 

10-12 

Crossings, all, fences, snow struct iin^s 

425 

68 

la-if) 

Signals, telegraph, eloctiirnl power trans-^ 
mission j 

13,681, 

720 

1 14 

16, 17 

Buildings, grounds, docks, whar\cs 

35,389, 

4,480, 

1 864 

2 96 

18 

Roadw av tools and supplies 

236 

38 

19 

Injuries to persons 

1,989, 

105 

17 

20, 21 

Stationeiy, iirmting, and other exijenses ! 

1,038, 

054 

09 

22, 23 1 Joint tracks, etc (net balaiu v) 

3,463, 

182 

29 




348,471, 

' 

18 353 

29 20 

24 

MAIMFNANCL Of LCJI IPMFNT 

SupiTintendonco 

13,175, 

694 

1 10 

25-30 

Repairs, lenewals, and depreciation 
Lo(omoti\es, steam ana dec trie 

175,889, 

9 263 

14 74 

31-3:1 

Cars, passenger 

Cars, freight 

Equipment, electrical, cor 

38,968, 

2 052 

3 26 

84-36 

183,968. 

9 690 

15 41 

37-39 

318, 

017 

.03 

4a*42 

Equipment, floating 

1,333, 

071 

.11 

43-45 

P^quipmcnt, work 

6,128, 

322 

51 

4b 

Equipment, shop(maehiner> and todls) 


548 

87 

47 

Equipment, power plant 

268, 

014 

02 

48 

Imunea to persons 

Sfat&onory, printing, and other expenses 

1,818, 

.096 

15 

49, 50 


.213 

.34 

51, 52 

Joint equipment, at termmals (net bal- 
ance) 

676, 

036 

.06 

1 


436,995, 

m 

86.61 

SMO 

TRAFFIC ICXPENSE8 

Ageociee; advertiBiiig; fast freight lines; 
ete. 

59,047, 

8 no 

■ 
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Aiulyirts of Operating Exponaea of all RoUrooda in tho Unitad Statoo 
for Yoar Ending Juno 39, 1913, Showing Porcentago of Each 
Item to Total and Goat In Cento par Train-Mila 


Itbm 

No 

At cot NT 

Total 

\MOt NT 

(thuuBunclB) 

Pbb Cbnt 
or Totax 
L xpBNua 

CBIfTBnDB 

Tbaim- 

Mxub 

• 

61»62 

TRANaPORr^TION 1 XPENBLH 

Supmntcmdeiu'e and train dispatehiiiK 

$40,743, 

2 146 

3 41 

63 

Station employes 1 133,877, 

7 051 

11 22 

64-^ 

Weighing; ear service association; coal 
and ore dorks 

15,949, 

116,781, 

839 

1 33 

67-72 

Yards (wagt^s, expenses, supplies) 

6 151 

9 79 

73-76 

Yard locomotives (fuel, ater, lubricants, 
supplies) 

33,658, 

1 773 

2 82 

77, 7S 
104, 105 

\Operating joint tracks, terminals, yards, 
J and faeilitu^ (net balance) 

10,430, 

550 

88 

79,80 

Motonnen and roa<i engincmen 

120,960, 

6 371 

10 14 

81 

Road locomotives, engiiu^housf* expr*n8C‘8 

33,951, 

1 788 

2 84 

82 

Road locomotives, fuel 

191,142, 

10 225 

10 27 

83 

Road locomotives, wat<T 

12,482, 

657 

1 04 

84,85 

Road locomotives, lubncauls, and other 
supplies 

7,430, 

392 

.62 

86,87 

Operating power plants, purchased 
power 

1,707, 

095 

u 

88 

Road trainmen 

128,339, 

6 759 

10 75 

89 

Tram supplies and expenses 

34,462, 

1 815 

2 89 

90-92 

Interlockers, signals, flagimui, drai^- 
bndges 

17,S31, 

939 

1 49 

93 

Clearing wrecks 


272 

43 

94-W 

Telegraph, floating <*qu]pment, station* 
ery, miscellaneous 

. >,009, 

1 054 

1 68 

99-103 

Loss and damage to property, fjersonal 
injuries 

5h,83S, 

2 994 

4 76 


* 

984,S,)2, 

51 871 

K2 j>l 

106-116 

GENERAL EXPENSES 

Salaries of general officers, clerks, etc , 
law, insurance, pensions, niiscella- 
neoua 

1 

1 

p 

69,297, 

3 650 

5 81 

Hi 

Total Operatmg Expenses $1 ,898,602, 

100000 

150.08 


maintenamy. The average daily wages of trackmen have increased 
'‘almost iHitfonnly from fl.22 in 1000 to $1.50 in 1912; the wages of 
seetioa ha&am ore quite uniformly about 30 per cent above those 
of trackmen. The nnmber of trackmen per 100 miles of line has 
, aim mcieaaed'Ripm US to 143 in tins same peikid, but thm<e have 

W 
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been greater fluctnations. The increased number and increased 
wages have combined to increase very greatly the cost of track 
maintenance. 

169. Maintenance of Equipment. The cost of this group of 
items has lK*en increasing very greatly in recent years, not only in’ 
gross amount but also in percentage to total cost of a train-mile 
and in cents per train-mile. This increased cost is due to higher 
lalmr costs in the shops and higher costs for materials, ^^^ile a 
change of alinement, involving increase or decrease in length of 
road, or “distance”, will affect these items, the cost is not directly 
proportional to distance and the same remark applies to many other 
items. Curvature affects the cost of repairing very greatlj — 
cinefly in wheel wear, and tlie engineer must consider this in estimat- 
ing the value- of a saving in curvature. The rate of grade also has 
an effect on this item. 

During the first years of the life of a locomotive, the repairs 
(barring a<'cid<>nts) will Ik* small, but ns the locomotive grows older 
they increase in a growing nitio. When the annual repair cliarge 
be<’omes oue-foiirth (or in ex(H*ptionnl cases one-third) of its first 
cost, the locomotive should be sent to the sc‘rap pile, for in such 
cases the cost per train-mile be<*omes larger than a reasonable annual 
charge, allowing for ail depreciation, on the cost of a new locomotive. 
When an old locomotive is replaced by one of a better and more 
costly tyjK*, the ejrcess cost should Iw charged to “betterments”, 
or “iHTmancnt additions to equipment”. 

170. Transportation Expenses. There are five items in this 
group which amemnt to more than 5 cents per train-mile. The 
largest is that for fuel. The cost of this (for both yard and roatl 
lo(‘omotives) has nearly doubled since 1895. This is due partly to 
increase in cost of coal per ton and partly to the great increase in 
the iKtavr of the average locomotive and therefore in the amount of 
coal burned pt*r mile. The other four of the five large items are made 
up alimsst exclusively of wages, which have increased very greatly in 
the past twenty years. Any economic calculation, which reqttires 
a prediction of the future cost of (q)eration, must include the proba- 
bility that the cost of conducting transportation will probably not 
deettease and may increase very materially evot during the nmet 
five or ten years. 
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ECONOMIC LOCATION 

*171. General Princ^les Involved. A hasty mental revievr of 
^ the previous discussion, as well as a few considerations of common 
sense, will show the truth of the folloainf^ statements: 

• (1) DisregardinK the comparatively rare cases in this country 

where a practicable location of any kind is a creditable engineering 
feat, it may be said that a comparatively low order of engineering 
talent will suffice to lay out a line along any general route over which 
it is phyrically possible to run trains, and that there are usually 
several such possible routes. The route selected may not be favor- 
ably Jocated for obtaining busine.ss, its nlinement may be such that 
its operating expenses are high, and the ruling grades may be so 
high tJiat only light trains can be run, but the road cm bt' op<.‘rated 
even with these handicaps, 

(2) Among the many jiossiblc roiites which ma> be selected 
for a road, there is one which is superior to any otlier from an oi>crnt- 

• ing or business standpoint, and it is the province and t(‘st of the 
engineer to select that best route. 

(3) There are several more or les.s conflicting interests whu a 
must be studied — (a) the maximum of business must be obtained, 
but this is sometimes only obtainable at great initial cost ; (b) the 
ruling grades must be made as low as possible, which is generally 

• costly, and it way require a location which will sacrifice some busi- 
ness; (c) the alinement must he kept easy so as to rtsluc-e oi)crating 
expenses, but this usually is verj' costly; (d) the total cost must be 
kept within a figure which will be justifiisl by the future earnings 
and also leave enough margin us working capital out of the total 
funds which are raised, so that the road may continue to operate 
during the five or ten years which are required to build up the 
“normal” traffic. 

(4) Each new route .suggested forms a new combination of 
the above conflicting elements, and the basineas of the engineer is 
to estimate and compare these elements, .selecting the combination 
which wUl give the largest return for the least outlay, considering 

' both inarial emit and future operating expenses as elements of the 
(Hitlay. 

172 . Reliability aod Valae of Ecomnnic Calculations, The 
student dmuld not f<mn the ides that the following c^colationa 
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will enable one to compute with mathematical predsion the of 
changes of alincmcnt. There are far too many elements involved, 
and the effect of certain influences is variable. But althouj^ a 
precise solution is unobtainable, a Solution which is sufficiently' 
accurate for practical purposes may be made, and this is infinitdy 
better than no solution at all. For example, suppose that a very 
crooked stretch of road may be changed to comparatively easy 
alinement which saves condderable curvature by an additioiuil 
expenditure of say $20,000. Assume that it has been computed (by 
methods de\ eloped later) that the operating expenses would be 
reduced $.‘i.'H)0 per year by the reduction of that curvature. As $3500 
per year, capitalized at 5 per cent, is equivalent to an investment 
of $70,000, and as the improvement may be made for $20,000, 
the improvement is evidently justifiable. Such is the bare outline 
of the method. 

The estimate of the cost of the improvement may be accurately 
made, but it is not claimed that the estimate of the saving per, 
year is precise. It may, however, be showm that, even with ample 
allowances for the uncertain items, it is practicable to asdgn upper 
and lower limits betw'een which the truth must lie. A greater 
knowledge of the subject and greater experience on the part of the 
engineer w'ill enable him to narrow those limits so that the error 
is immaterial. And frequently even this is unnecessary. The 
real question is not whether the capitalized value of the improve* 
ment is $70,000, or $50,000, or $90,000. It may be that an improve- 
ment wliich w'ould make possible that saving may be made for a 
few thousand dollars, or it might require $200,000. In eith^ case, 
the true answer is unquestionable. 

If the cost of the improvement is very nearly equal to its 
computed capitalized value, then no great harm can come from 
either decision, for the decision would then be based on the willing- 
ness of the company to spend adcUtional money. The method 
furnishes a criterion, which even in the hands of an inexperienced 
en^^neer has some value, and whidi alone gives value to his q;nDMm. 
But the method enables the e]q)erienced engineer to the best 
opinion which is obtainable, for it enables him to ap|dy Uaexpariaice 
to a method of computation which aiqmadbes accuracy as nearily 
as may be. 
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It must not be supposed that the nummicai values worked out 
in the following pages ere necessarily ap^cable to any assumed 
case. They are given to show the mrf/iod of their derivation, and 
‘should be modified to fit local conditions according to the best 
judgment of the engineer. 


DISTANCE 

173. Relation of Distance to Rates and Expenses. Rates 
are uAially based on distance traveled on the apparent assumption 
that the ■value of the service rendered and the cost to the company 
are directly proportional to the number of miles traveled. Hie 
assumption in either connection is not true. If a pas.senger or 
a load of freight is to be transported from one city to anotlicr city 
100 miles away, the service rendered is to accomplish the transfer 
as earily and quickly as possible. If another road were constructed, 
perhaps at extravagant cost, by which the distance were cut down 
,to 90 miles, that road would render a greater and better servic-e, 
because it would reduce the nect'ssarj' travel, and yet on the mileagt 
basis the shorter road would be entitled to less than the other ut 
spite of the fact that it renders a better service. 

The assumption that the cost is proportional to the distance is 
more nearly correct, although, as will be showTi later, even this is 
^ far from accurate. It is not difficult to compute an average co.st 
for a large number of passenger trains and, by dividing it by the 
total passenger mileage, to obtain a value of the cost of a “passenger- 
mile”. But the additional cost of transporting one additional 
passenger on a regular train is hardly more than the cost of print- 
ing his ticket. Even if it were practicable to compute the extra 
consumption of coal and the infiniterimal addition to other oper- 
ating expenses due to his being on the train, the added cost would 
evidently be but an insignificant fraction of the average cost of a 
pasaeager-train-mile. The same argument holds, but not to the 
same extent, if we oonrider the additional cost of an extra ton of 

By the same Ime of argument it will be shown tiiat a tiunge 
in diatonee w31 not affect the cost of running trains in proportion 
tp^diuige. it is eaay to see that genend expenses mil be abso- 
ttiMy vaiffeeled by an alteration of alinement which saves a mile 
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in distance, and it will lie slio^Ti that even the consumption of fuel 
does not vary in j)roportion to the distance. If it were practfcable 
to coiistnu't ii tariff of rates which should consider excessixe curva- 
ture and grad<*s on the x arious parts of the line and make the rates 
dependent on them as well as on many other constructive features 
which ad<l t(> the <*ost of <i|R»ration, the rates w^ould l>e more nearly 
proportional to the cost, but the public would not appreciate it and 
it would be useless w’ork. ’ And w hen it is further shown that it is 
sometimes justifiable for a road to haul competitixe business at a 
rate actually less than the average cost of their traffic, it will be 
seen that the relation of distance to rates and ex]K*nses cannot be 
expressed by any simple projHirtion. 

174. Effect on Receipts. Among all the details of alinement, 
distance is the one for which there is some compensation in an 
increase*, and that is because rates are based on distance rather 
than on curvature or grades. Although it is umiuestionably con- 
trary to public policy to burden traffic unnecc*ssarily by an increase 
in distance, x(*t it inav be demonstrated that the added receipts from 
non-competitive traffic due to such iucrcnisc^d distance will amount 
to more than their added cost. But in order to study this feature 
I)roperly the distinction between competitive and non-coinpetitive 
rates mnst be notes!. For our purposes traffic may be classified as 
“thnnigb’' aial as 'locaF', iii winch through traffic refers to tfiat 
w'hich passes over two or more rmids, no matter how long or short 
any section of the trip max be, and in which local traffic refers to 
that wdiich is confined to one railroad Jtjf-Hfnn, though it may run 
from one end to the other. Further subdivision is newssary as 
follows* 

(^l) XofM'omjwtithr local — on one road with no choice of 
routes. 

fS) Xon-comjwtifirc through — on two (or more) roads but 
writh no choice. 

(3) Compiiilive local — a choice of tw^o or more routes, but 
tlie entire run may be made on the home road. 

(4) Covipetitive through — direct competition between two or 
more routes, each passing ox*er two or more lifm. 

(5) Smi^'ConipeHtive^^hrougk — a non-competitive haul <m tlie 
home r^ and a competitive haul on foreign roads. 
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Rempts for traffic paaang over two or more Unes are divided 
between the lines in proportion to mileage. “Teimiual charges” 
jare sometimes subtracted from tlic amount before the divi«on is 
made and sometimes a strong nmd forces a weaker road to submit 
to some other exaction before the diviiuon is made, but the final 
division is made* in proportion to the mileage for each passenger 
ticket or each freight bill. It may bt* show n that the cost of oper- 
ating an additional mile i'> about per mit of the average cost. 
This means that on all noiwomiwtitixe l)usiiics.s (class 1 ) there 
is an actual profit in this added distance. On the other hand, com- 
petitive rates are made with small reganl to disluni*c, are generally i 
equal, and therefore any addiKi distance results in a sheer loss with- 
out any comi>cnsation. This applies to all the traffic of class 3. 

Illusiraiire Example. The other classes of traffic are affcctisl by 
distance in \ ariotis degrees beta ecu these tw’o extreme.s. Su])ix)se that 
the distance on the home r«)ad for any given shipment is 100 miles, 
and the distance on the fort*ign roa«l h)r that shipment is l.V) miles; 
suppose that the freight charge is $ 10 ; then the home road w'ill 
100 

receive—— — X$10='$4.00. This means 1 cents per mile for 

that particular clas‘> and weight of fr(‘ig}it. SupiK)se that the 
distance is increased 5 miles on the home road, but assume that 
•the traffic is wholly competitive and thcnh^rc tliat the total rate 
received will be $ 10 , regardless of the added distance. Then the 

home road will rcceue 77 — ,'*,-r,X$10=$4.1170. If w'e allowr to 

Kb+l.a) 

the original 100 miles its full previohs allowaiu-c of 4 cents per 
mile, wre have left 11.76 cents to p*ay for the extra miles. This 
is at the rate of 2.352 cents per mile, which is 5S.S per cent of the 
4-cent rate. 

This nearly equals the computed percentage of added cost 
for additional distance computed in miles. Therefore, if the ori^pnal 
4-cent rate is profitable, the added receipts due to the added 
(fistanoe will be sufficient to operate the added distance profitably, 
m* without loss. Inddentally, the foreign road suffers, for it will 
receive less for precisely the same servi^. The above numerical 
case is very nearly at the diriding line between prufitaUe and 
.iii^Nroffitablead<y.ritkm todistaaoe. If die length oi the home rcted 
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is but a small proportion of the total distance, then it may be 
larly computed that an addition to distance is 4fistinctly profitaUe. 
On the other hand, if the length of the home road is a large pro^ , 
portion of the total distance, an addition to distance is distinctly 
unprofitable, and when the length of the foreign road is ^ro (which 
means that the competitive haul is entirely on the home road) 
any addition to distance is sheer loss without any compensation, 
even partial. , 

The above numerical case represents but one of*an almost 
infinite number. Each station along the line has possible traffic 
connection with almost every other railroad station in the country. 
The route from each station to every other station represents a new 
combination, and the net effect of the added distance is the com- 
bined effect of all the separate cases. This instantly shows that a 
precise mathematical solution is impossible, but the above solution 
has value in pointing out v)me general truths as follows: 

In all non-competitive business, whether tlirough or local, 
the addl'd receipts due to added distance will be profitable, and ^ 
the business of a road is almost entirely non-competitive thmre irf 
little or no disadvantage in added distani'e, especially if the constntf 
tion is cheapened in spite of the added distance. For examjde, 
a road which follows the bunks of a very crooked river may cost 
less to build, e\cn though much longer and more crooked, than the 
road which tunnels through the horseshoe bends. 

When roads handle a \ery large amoimt of competitive busi- 
ness un,^ additional distance may be a source of Iqps on that class 
of bu.siness, and the loss may be so serious as to justify a considerabhi 
exjK'nditure to reduce it. Another reason for the subsequw'^ 
expenditure of money to redui*e distance is that, after freight rata, 
are ou(*c established between roads on through business, they are 
not apt to be disturbed to make them conform to the dight fluc- 
tuations of distance caused by changes in the alinemept. 

The abo\c statements can be reduced to the general condosicn 
that since every road handles a consideraUe pre^rtion dt nmi* 
eiftapetitive business, thi^re is always some compensation for the 
added expenses of operating additional distance, llie maimRy df 
tmalll roads do a butiness adddi is almost whidly noiMS)a|N;titivi,' 
and to tljiem the added reo^pits will usuaBy for the added 4i»* , 
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tance, «ven i( it ib not an actual source of profit. Finally, it may 
be ^id that a i»a(f is not usually justified in making an iulditional 
, e^cpenditure to shorten di.stan<‘e (i.e., adopt a route which^’ill have 
a greater gross cost in spite of the shortened distance) unless it 
handles a very large amount of highly ooini>otiti\e business. 

There are .some other (s^sideratioiis which must not be ignort'd 
in considering this question. One of them is the question of tlie 
additmnal time requu^sl to make the trip. This may be imimrtant 
in two ways. ( 1 ) Tlie competition for passenger business between 
two cities, «»uch as New 'iork and Philadel])hin, or Philadelphia 
and Atlantic Tits, might he so k<t>n that a ditferenci* in length 
of line which would afl'ect the running time by e\en 10 minutes 
w<»uld ha\c great financial imimrtauce. (2) A very considerable 
change m distan<‘e may ha\e a serious cficct on the ojwation of 
the heas.v through-freight trains, although it would not onlinarily 
increase the total cost of oiM*rating those trains o\er that division 
> more than the extra number of train-miles times the reduceil train- 
UJle «)st. But in an.\ case, this phase of the question should not 
ignored. 

• Anqther (xmsideration is the iKissible eflect on the business 
done. “A short straight hue” is the jMipnlar d<*scription of a well- 
designed roa<l. If the engineer’s aim for a ihotf road leads him to fiass 
by sources of income and thus lose them, 'ms road will have little 
business and the receipts w ill be redw ed liec ai'si* it is short. As a gen- 
eral rule “adopt that route w hu h will give the greatest traflie [ht mile 
of road’’. On tjie one hand, this avoids the error of running a lira* 
which is excessively (nniked in the elfort to se<'ure every jKissible 
' ment of traffic and thus burdening the whole traffic with an 
ces.sive haul, and on the other hand, avoids running a line w'hi<‘h 
misses important source's of traffic in the eflort to have a straight 
line. 

S CURVATURE 

175. Operating Disadvantages of Curvature. The non-^h- 
ntcal mind appreciates, even too readil;i, the disadvantages of 
curvature. But it is generally true that tlie ones w’hich are most 
thoroughly appreciated 1)> the public are <if lca.st economic value 
to the engineer. The several disadvantages will be clasinfied 
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and diseiiSHed in an order which is perhaps the inverse order of 
their importance, as follows: 

(1) It increases the danger of collision and derailment and 
aggravates the damages of a derailment when it occurs. The appli- 
cation to he made to this statement of undoubted fact is — how 
much is a road justified in expending in order to rcKiuce or elimi- 
nate any given curve? Siiuc the entire elimination of curves is a 
physical as well as a financial imi>ossihility, the question reduces 
to the lessening of danger from ac(*idents that would result' from 
such reductions as are possible. The Interstate Commerce Com- 
mission report on railroad accidents for the year ending June 30, 
1902, showed that the number of passengers carried 1 mile for one 
killed was 57,022,283. This means that the chances are even that 
a passenger could ride 57,000,000 miles before he would be killed. 
If he were to ride continuously at the rate of 00 miles per hour, it 
would re(iiiire over 9,500,000 hours, or nearly 4(K), 000 days, which is 
considerably over KKK) years. 

But how many of such casualties are due to curvature, and 
how many million miles must be traveled by the average passenger 
liefore, according to tlie law of probabilities, he would jbe killed 
by an accident which should not only be directly charged to cur- 
vature, but also to curvature which is physically or financially 
avoidable. If we estimate the number of curves on all the railroads 
of the country as 250, (HK), what is the probability of a fatal accident 
happening on any one curve and how much may be spent on that 
curve to reduce the danger? Even if it were .spent, would there 
remain my danger of an accident there? A thorough logical analysis of 
this question shows that although it is always proper to take reason- 
able precautions to avoid accident at an especially dangerous 
curve (such as maintaining a flagman there), it is impossible to 
assign ^ny financial value to the mere danger of accident which 
would accom])lish anything toward mcMlifying construction. 

(2) Curvature may affect traflRc (a) by reducing the possible 
Speed of fast trains. There is some force to this objection as it 
applies to sharply comixititi\'e traffic between two cities — a traffic 
of which most roads have not a trace. The extent to which the 
passenger traffic might be increased by the minute or two which 
flight be saved is, howcM&r, so uncertain that it defies analym 
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(b) It may produce rough rilling, and (c) it may create an apprehen- 
sion of danger whicli may of itself deter travel. The disadvantages 
resulting from all three of these suh-causes are greatly reduced by 
good roadbeds and transition curves. Freight traffic, which com- 
prises about two-thirds of the total, is unaffcctt*d by it unless the 
curvature is extreme, and the passemger traffic of most roads will 
not be influenced by it; and therefore an engineer is not ordiimrily 
justified in giving it any finau(‘ial weight. 

t3) It may affect the operation of trains (a) by limiting their 
length and (b) by limiting the 1\|)e and wc'ight of engines. There 
are a few instances kno\Mi where roads which run along a river 
bank fiave very easy ruling grades and on whi(‘h the curvature is 
perhaps very sharp on a<‘coimt of sharp IkmicIs in the river. On 
such roads the curvature may be the feature whi(‘h limits the length 
of trains, but such cases are rare and evtsi when they o(*cur a com- 
putation similar to that later de\ eloped will show how much may 
profitably be siKmt to reduce the rate of curvature. If a long grade 
u]) a mountain were kept uniform, reganlless of curves, the curNca 
w’ould add such resistance that they would limit the length of trams, 
but good practice requires that the grades shall b(‘ “comi^ensated 
for curvature’*, as explained later. 

The excessively sharp curvature which has been used on some 
mountain roads may preclude the use of some of the largest types 
of locomotives. But such roads onlinarily do not have a traflSc 
which justifies the use of the heaviest locomotives. And when it 
is considered that a Mallet loconiotiv<‘, having sixteen drivers 
and a weight on the drivers of over 4(K),()()0 pounds, (*an be oj)erated 
on a 2()Hlegree curve, any limitation in tlie use of engines may be 
ignored for all ordinary railroad work. 

(4) ("urvature increases operating exjjenses. This disadvan- 
tage is definite, positive, and approxinmtely computable, and since 
a reduction in expenses may be maile by rc<lucing curvature, we 
must calculate the effect of cun ature on operating expenses. 

176. Compensation for Curvature, ('urvature makes a very 
d^nite increase in train resistance, and .such increased resistance 
is readily equated to its equivalent in added grade. Assuming' 
that the curve resistance on a 6-degree curve is 4 pounds per ton. 
which is the grade resistance of a 0.2-per-cent grade, if there should be 
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a 6-degree curve on a 1 .0-per-cent grade, the resistance on that grade 
would be the same as on a straight track having a 1.2-per-cent 
grade. On this basis, if 1.2 per cent were selected as the ruling 
grade and it bec*ame necessary to introduce a 6-degree curve, the 
grade should be rediit'erl on that curve to 1 per cent so that the total 
resistan(‘e on that curve shall be no greater than on the tangent. 
This is the fundamental idea of curve compensation. On grades 
which are so low that they will never be ruling grades even if the 
rate of ruling grade is reduced by reconstruction, there is no ftect's- 
sity for curve comj)ensati(>n, but the neglect of it on ruling grades 
means that the ruling grade is practically increased to the grade 
whudi is the equivalent of the combined grade and curve resistance. 

Raie of Comperimiion. This term means such a reduction in the 
grade that the saving in grade resistance equals the c urve resistance. 
But curve resistance varies somewhat as the velocity, the condition 
of the rails, and even the t^pe of the wheel base. For simplicity of 
calculation the curve resistance is usually assumed to vary as the 
degree of curvature. While this is nearly true for low degrees of 
curvature, it becomes grossly inaccurate for excessively sharp curva- 
ture, on which the resistance is for innately much less than its pro- 
portionate amount. This is probably due to the fact that a large 
part of the rc^sistanc^e from curvature is due to causes which are 
independent of the dc‘gree of curve. The resistance will amount 
to about 2 pounds per ton per degree of curve (equivalent to a O.I- 
per-cent grade) when the velocity is very low — as when starting a 
train. It is less for fast trains than for slow trains, but considering 
that it is the slow and heavy freight trains which must be chiefly 
considered, the larger values for compensation which are needed 
for the slower velocities must be used. Compensation results in 
a loss of elevation for a given horizontal distance and w'hen money 
has bet'll sjanit in “development” in order to reduce the grade 
to some desired limit, any useless com()enaation is a w^aste and 
should be avoided. If a curve occurs on a grade immediately 
below a stopping platre for all trains (or at least all trains which 
are so heavy that theylwlll be affected by the ruling grade), the 
('ompensation may be reduced or omitted altogether on the ground 
that tlie curve resistance w’ould simply use up the energy which 
might otherwrise be used^^p by brakes in stopping the traim If 
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that heavy p:ra<h‘ should (‘ontimie on above that stopjnnjif pla(T, 
then the compensation ^liouhl !)<• made even gnuiter than the aver- 
age to allow for the inerejised rc‘sistanet^ while starting. Siiux^ 
the curve re^sistanee iruTcly adds to the virtual grade, and the 
object of ctunpeiisation is to ])revent such atlditions from inc'reasing 
the ruling grade, there is no object in using eoinpeusatiou on a 
grade, which is already so low that the adtled resistance will not 
make it virtually ecpial to the ruling grade. An exception to this 
lies in the da?iger thai it may some time ])rove desirable to make 
such changes of alinemcnt that the ruling gratle is very materially 
cut down, and it might happen that nt‘gle(*t to com])ensate wouhl add 
that much to the revised ruling grade, 'rhe above discussion may 
therefore be re< bleed to the bdlowing rulc^: 

(1) On the upper si<le‘of a stopping i)Iac*e for all heavy trains 
compensate d.lO ]>er cent. j)cr degnM‘ of curve. 

(2) On tin* lower side of such a. stopping ]>lace do not com- 
pensate at all but this rule should be applied cautiously. 

(3) Onlinarily compensate about O.(KT) per <rnl per degree 
of curve. 

(4) Increase this rate to 0.04 per cent when the i*urve is habit- 
ually operated at slow speed, or wlam th<* su])er-elevalion is excessive 
for freight trains, unless it is found that the higher rate of com- 
pensation causes such a loss of lu'ight thai ihe grach^ on the tangent 
must be increased. 

(5) Curves which are so nim h less than the ruling grade, 
that they will nlwaifs be miiu)r gravies iieeil not f)(‘ eorajwmsated, 
but the possibilities of a future reduction in the rate of ruling grade 
should be considered. 

177. Limitations of Curvature. Snrve\s for railroads are 
frequently made under instriK'tions that curves (and also grade.s) 
shall not exceed some ehoseii limitations. What should be the 
limitation, if any, of the degrc^c* of eurvature*^' IVobabJy no definite 
answer is corre<*t unl<‘ss it Ik? said that there should be no limita- 
tion. It has Wn shown that all ordinary degrees of curvature even 
up to 20 degrees will still permit the use of heavy engines, and there are 
numerous instances where a heavy railroad traffic ha.s been hauled 
for many years around exces.sjvely sharp curve.s without any seriotis 
difficulty — as>, for inslancte, the traffic on the Baltimore & Ohio 
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Railroad, at Harper’s Ferry, which for many years was hauled around 
a 19-degree 10-minutc curve (radius 3(X) feet). This curve i^as 
changed some years ago. Of course the young engineer should not 
<.‘oncliide from this that curvature is of no consequence, and that he 
may recklcs-sly put in as much and as sharp curvature as might seem 
at first the easiest plan to adopt. It may be shown that there is a 
definite money value in reducing every fxtssible degree of central angle 
and also that the radius of curvature should be made as large as pos^ 
sible without a serious sacrifice of other intert?sts c»r extravagant 
expenditure. It generally happens, when running a road through a 
mountainous country, and when a high summit must be (Tossed, 
that the grades can only be reduced by the adoption of very .sharp 
curvature or by a large expenditure in construction. Since the 
expenditure is usually limited by financial considerations, the error 
of adopting a high ruling grade is usually made and the degree of 
curv'ature is limited to a low figure w'hich is ridiculously out of 
proportion to the general condition of the road. 

Sometimes the limited money at the disposal of the company 
is wasted on a route which gives easy curves when the money (x>uld 
have been spcnl advantageoiusly in other w'ays. The most com- 
mon error is the needless increa.se in the ruling grade. Many rail- 
roads have l)een laid out under the instructions that the maximum 
grade may be (K) feet per mile and the minimum curve 6 degrees. These 
limits have been used separately, or in combination, with the re.sult 
that when a 6-degree curve oex^urred on a 60-foot grade, the virtual 
grade was thereby increased (on a 0.0.3.')-per-cent basis) to over 71 feet 
per mile. While a grade of 60 feet per mile might be a very proper 
ruling grade under certain conditions, it might readily happen that 
the option of using a KWegree curve (properly compensated) w’ould 
permit adopting a line W'ith a ruling grade so much less than 60 
feet that the advantages of the reduction of grade would far out- 
weigh the cbmparatively insignificant disadvantages of the sharp 
ourvature. Therefore, as a general answer it may be said that the 
limits, if any, should conform to the general character of the country, 
and that when it appeal possible to obtain a great advantage, 
rach as the reduction of the ruling grade, by an increase in the 
decree of curvature and evq^ in the degrees of centol ani^e, such 
increa.se ^oiild be made luiless it may be definitely cxmiputed 
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that the disadvantages of the increased curvataire would outweigh 
the advantages of the reduced grade. 

GRADE 

178. Distinction between Minor and Ruling Grades. The 

distinction between minor and ruling grades must be very clearly 
understood before their operating disadvantages may be cbmputed. 
The/»st of running a train one mile is largely independent of whether 
the train is long or short, heavy or light. The receipts for transport* 
ing so many tons of freight is a definite quantity and is unaffected' 
whether it is transported in one train load or two. If it is possible 
by a reduction in grade to haul in a single train load as much freight 
as 'would require two train loads by the old plan, then, since the 
receipts are constant and the cost of the two light trains will be 
nearly double that of the one heavy train, it is evident that the 
low-grade plan will be very profitable and the other [dan corre* 
spondingly costly and financially ruinous. 

Although it is not often practicable to double the wei^t of 
the train behind a freight engine, a very material increase in the 
train load can generally be made by such n^uction of the ruling 
grade as is practicable, and such increase in train load frequently 
makes all the difference between large dividends and an actual 
deficit. The ruling grade definitely limit: the load that can be 
hauled by an engine with a given weight on the drivers and 'its 
financial effect is very great. On the other hand, a minor grade 
does not limit the number of cars and jts effect on operating ex|)enses 
b confined chiefly to an increase in the consumption of fuel and 
other locomotive supplies. While this increase in expense has an. 
importance which is worth computing, it is insignificant compared 
with the cost of running additional trains to handle a (pven traffic. 

The real cost of minor grades is also less than it might others 
wise be considered owing to the fact that each rise has, its corre- 
^nding fall. Even though several high summits may cimsed, 
the difference in elevation of the terminals, say 2(K) feet, or even 500 
feet, b insiignificant from the standpoint of grade when the distance 
b periiaps as many mUes. And even in the extrone case when 
the grade is all in one direction, the additional tofirgy required 
,to dtmb the 'grades is putly returhed in the oasbtanoe the grade 
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gives to trains on the return trip and the consequent saving jn 
motive power. 

179. Laws of Accelerated Motion. Applicathn to Movement 
of Trains. WIkju a train starts from rest and acquires its normal 
velocity, say 30 miles per hour, the engine must d(?veIop not only 
the power rec|uinMl for all the ordinary tangent and perhaps (‘urve 
and grade resistances, hut also the “kinetic eiUTgy’' corresponding 
tf) the vehx’ity wliich has been acquired. This kinetic energy 
is not w^asted; all of it is traiisformt^d hack into work of some kind. 
The eiKTgy may Ix' consumed aixl wasted in the brakes, hut it 
may also be spent (an<l is so sp<‘iit) in overcoming resistances when- 
ever the velocity of tlu^ train is reduced. The amount of this 
kinetic energy is a definite mathematical quantity. The laws of 
Mechanics tell us that this energy e4(uals IL in wdiieh W is 

the weight of tlu* train, v is its V(‘locity in fe(‘t per s(»cond, and g is 
the ace(»loration of the force of gravity, which (xpials 32.10 feet 
p<T second in a second. 

A Ix'ttcr appreciation of this force may he obtairuxl by con- 
sidering for a moment that if the train could move along the track 
without any resislaruu*, th<*ii, when running at a \’(‘l(x*ity of r feet 
p<'r s(*cond, it possesses a kinetic energy which would raise it to a 
height of h feet, where // = r -f'2jf/. If we eon^idcr that the engine 
is fnrnisliing exactly the power re(|uir(*<l to t)vtTcome the trac'tivo 
resistances, then the train wouhl run until it had climbed a grade 
to a height of h feet, no matter whether it was accomplished in 
KM) fes’t, or a mile, Ry an expansion of tlie theory it is also .shown 
that when the train has climbed a vertical height of A' fet‘t (less 
than //), it will have left a vt^locitv r'= V2// — //'). 

Illmfraflve K.ramplr, Assume that the veIoc‘ity of a train is 30 
niiU^s hour, or 44 feet jier se(*on<l. It then has a kinetic energj' 

which would raise it a height A = -- If 

engine furuLslied just enough ciiergj'^ to overcome tlie tractive 
rt'sistttius's, tlie kinetic energy woulil cnjrry tlie train up a grade 
of lo feet jier mile for a distance of uliout 2 miles, or up a gratleof 
Jilt) feet per mile for a tlistaiut* of alxiut | mile. If the train were 
moving up a grade of 20 ffel jwr mile and had prticeeded half a 
mile, it A’ouid have climbed 10 feet and would still have a kinetic 
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energy com^spondiny to 20.1 foot, and its velocity would then be 
2 ?' = V2X32.1()X20.I foot i>or si‘coiid, or 21.o miles {kt hour. 

If the train wore a solid mass the alxno figurt‘S wi>iilil bo abso- 
lutely c’orroct, but the solution is a little oomplicatod by the fact 
that an appreciable part of the weight of the train (consists of 
revolving wheels, to whidi must Ih‘ imj)artod the kinetic energy 
of rotation, in adilition to the kinetic energy of translation. The 
ratu:> of this rotative, kineti<* energy to that of truiislation depends 
chiefly on the ratio of the weights of tlie wln'cls and of the whole 
ear or engine. Evidently tliis ratio depends on the detailed design 
of the rolling stock, and more es])e(*ially on whether the cars are 
loaded or empty. Tliis ermsidt^ration shows that no one value will 
be aecnirate ft)r all eases, but there will be little error in adopting 
5 {)er cent as an average* value for the inrn^ase in the kinetic energy. 

Tabic XVII, which will be 'found very useful ii^ these (.com- 
putations, lias thorc'fore Ix'en compiled on the following basis: 

, ,,, rMn ft. tier see. I.1(U)7 1’’ in m. per h. 

\ |,r - - 

-turanr- 


and, adding 5 per cM*nt for rotativt* 

kinetic energy of the >vlie<'ls, ^ ().()() Ho I ® 

Therefore, eorn'eUMf velocity head - I !'■* 

Part (»f the figures of Table X\'II \v»'r«' obtaiiiod li>’ interpola- 
tion, aiul, tli(Tct'oro, there mny he anerrorf)fasinfjlennitinthchun- 
<lre<lthsi)laeeinsoineof 1 lie linures, hnt eoiiMdering tin' nnccTtainticH 
in the problem, the exju't vulin' lo lunnlredf lis is of no prae- 
tieal importanee. Kxainples of the applioatnni ol this table will l)e 
pven later. 

'Hie trac-tive for<-e recininsl to j»nMlneo this aeecleration in 
a given disfanee mn\' be staled as 


J' 




■Jffx 



in which ti and ej arc the lower and higher veloeities in feet per 
secNind, a is the distance in feet, a is th(t atx’eleratioti of gravity 
(32.16), and W i.s the weight in pounds. If we substitute ir=2(KX) 

(oroiietoi|),^=^. 16 , i>i«F,|^.anda,= r, to retlucc the 
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Velocity Head (Proportional to Kinetic Energy) of Trains 
Moving at Various Velocltl^ . 
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- v«lodties Vi’ and va (which are in feet per second) to Vi and K|, 
the velocities in miles per hour, the equation becomes 


2000 


2X32.16# 


/^5280Y 
V3600/ ^ * 


Fi*)- 


66.89 




Adding 5 per cent for the kinetic energy of rotation, the coefficient 
66.89 becomes 70.23, but, considering that the 5 per cent correction 
is wmewhat approximate and variable, the coefficient is taken 
at the even figure of 70 and the equation becomes 

P = i^ (IV- IV) (104) 

s 


in which P is the force in iH)unds i)er ton to accelerate a train frbm 
a velocity of I \ miles per hour to I 'a miles per hour in a distance 
of a feet. Conversely, P is the force in pounds jjcr t(m which can 
be utilized in overcoming tractive or grade resistance when the 
velocity is reduced fn*m Fj m.p.h. to I'l m.p.h. in a distance of 
a feet. 

180. Virtual Profile. The following demonstrations are made 
on the basis that the ordinary tractive re.sistanees and also the 
tractive force of the locomotive are independent of velocity. Neither 
of these assumptions is strictly true, e.specially the latter. The 
variation of tractive power with veloc;ify will lie c*msidered later 
(article 191). But the approximate resx'ts obtained on the basis 
of these two assumptions are so instructive t^id useful that the 
demonstration is given. Assiime that Fig. 157 shows the profile 
of a section of road and that the.^grade of A E is 0.40 per cent, 
which is 21.12 feet per mile. Assume also that a freight engine 
which is climbing up the grade has been so loaded that when, the 
engine is working uniformly at its normal maximum the velocity 
up such a grade would be uniformly 20 miles per hour. But since 
the traih is moving at 20 miles per hour it has a kinetic energy 
corresponding to a velocity of 14.05 feet (see Table XVII). At A it 
encounters a downgrade of 0.20 per cent, which is 1500 feet long. 
Although A B has a downgrade of only 0.2 per cent, its grade with 
respect to the upgrade ot A E (0.40 per cent) is 0.60 per cent. There- 
Uxn B is 9.(X) feet below B\ Since the work done by the engine 
would have carried the train up to the point B' with a velocity 
of 20 nules'^per hour, the virtual drop of 9 feet will increase the 
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velocity head from 14.05 feet to 23.05 
f<‘et, which corrcsi)on(Is to the velocity 
of 25.0 miles per hour, and this will 
actually he tlu* velocity of the tram at 
the j)oint li. At B the grade changes 
to a I.O-pcr-ccnt upgrade for a distance 
of 2300 feet. 

The apj)roiich of the gra«le B (* to 
the grade R' T is at the rate of 1.0 — 0.4, 
or 0.r» per cent and therefore the point f ' 
will he reaclu‘d in 1500 feet. In the re- 
maining SOO fet‘t the line will elirnhto D, 
whieh is 4.S f(‘('t aho\e Altliough 
at B thi‘ train is moving at the rate of 
25.0 miles per hour and tin' engine is 
working at sncli a rate that it will carry 
the train up a 0. l-per-<*ent grade, yet 
when (limhing up a 1.0-per-cent grade 
it ('oiisumc'S its kiiu'tic <'nergy in over- 
(‘oniing the additional grade. When it 
reaihes (\ it has lost the additional 
kinetic energy whii*h it gained from J 
to B, and as it continues it loses even 
more'. When it rearhes /), it has lost 
4.S feet more ainl its veh>eity head is 
rediu’ed to 14.05— 4.S = 0.25 feet, which 
corresponds to a velocity of 10.2 miles 
I>cr hour. At I) the grade changes to 
44). 1 per cent. 

Here we have the ratluT surprising 
('ojulitiofi that, although the grade is 
actually rising, it is virtually^ a down- 
grade under the given conditions, for the 
engine is working harder than is required 
to run up raendy a O.l-pcT-cent grade and 
will gain in velocity. At E, a dis- 
latHsp of RKH) feet from it reac^hes 
what would have been a uniform 0.4-pei^ 
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ceftt grade from *4 to E and the grade continues at that rate. 
Although the train has actually climbed 1.0 feet from I) to E, it has 
virtually fallen the 4.8 feet l>etween I) and /)', and the velocity 
head has increased from its value of 9.25 feet at I> to 14.05 feet, 
and its velocity is again 20 miles i>t‘r hour. The upper line repre- 
sents the “virtual profile*', which may always be drawn by measur- 
ing off to the proper scale at every jK>int an ordinate which is the 
velocity head at that point. Sinct* the engine is working uniformly, 
the virtual profile is in this case a straight line. 

Although the variation of resistance and tractive effort with 
velcK'ity will have some effect on the precision of the above figures, 
as discussal later, yt^t the demon.stration must not be considered as 
fanciful dnd iiupracti(;al. I’mier the given eomUiUnus it is sub- 
.stantially what would take pla(*e. If the graile U J) w^ere continued 
to Ff or until the actual grade intersected the virtual profile, the. 
train would become stalled, for when the engine is loaded for an 
indefinite haul up a ().4-i)er-cent gra<lc, it cannot haul a train iiKlefi- 
nitely up a higher grade. iVactically the train would stall some- 
what short of Ff since the trai live resistance increases as the velocity 
drops to nearly zero. Vndcr such conditions, J{ I) is a '^momentum 
grade”, which thaj/ be higher than the ruling grade, and yet it is 
prHcti(*ally harmless under these <*onditio)is. prnvided that a train is 
never rapiired to stop on tluit graile. A h (' is tcchnic^ally a “sag” 
in the grade A V and woukl be considen*d such even if A R were 
an upgra<le (although less than the gracle .1 F), Such a sag is 
usually harmless unless it is so det»p.that the train w'ould acquire a 
dangerously high velocity at the? bottom of tlu‘ sag //. 

In the alane numerical case the velocity is only 2r).() miles per 
hour, which is not at all dangerous even for freight trains in these 
da>a of air brakes and automatic couplers. Rut a much deeper 
sag might require the use of brakes, w hich not only (consumes some 
of the energy stored in the train, but also wears out the wheel treads 
and brake shoes. 

Another phase of the question is developed when we consider 
the action of a train stopping on a grade. Assume, as in Fig. 158, 
that a train is climbing up the gra(|^ A R at a uniform velocity 
whose velocity bead is mcasunNl by A A'-R At B it. Com- 
mences to slow up for a stop at C. Since it is stationti%r at €, the 
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velocity Lead is zero and the virtual profile A' B' runs from B' 4o 
C by a line which may or may not be straight. Assume that the 
train starts up aixl the engine exerts such force that at D it ha.H 
regained the v<;locity it had at A or B. The ordinate D 1)' must 
equal A A' and the virtual profile mu.st run from V to 1)'. C D' 
therefore n-presents the virtual grade up which tlie train must 
climb. To put it in figures: Assume that C /> = 1300 feet; the 
required velocity at D- is 20 miles jK'r hour, and therefore D /)' = 
14.05; the grade of (' I) is 1.0 |k,t cent and therefore 
feet, and D" 1)' -'ll X)') feet; the virtual grade CD' is therefore 
2.0S pc^r cent instead «)f the actual 1.0 jM^r cent and these figures 
represent the actual ratio of the drawbar pulls at the engine. 





Viir. l.'iH. DuiKiuiii ShtivtuiK Anion of I'urct'.s on rruin StoppinK Grade 


To 1h' more precise, the virtual grade T />' will not l>e a uniform 
grade as shown in the figure but will be a curved line which will be 
steei)er at the beginning of the grade on account of the increased 
resistance to traction when starting. This is somewhat compen- 
sated by the fact that the tractive force of tlie engine is greater at 
the \*cry^low' ^'el(K’itics. It nxiuirt*.^, however, a little margin for 
safety. 

The fact that the engine can increase its velotrity from zero to 
20 miles pc»r hour in that distance and on that grade showrs that it 
is capable of doing much more than run its train up the 1.0-per- 
cent grade at a .speed of ^ miles per hour. In fact, unless the 
power is reduced when the train reaches /), the train WtU continue 
to. gain volcx^ity. If resistanciM^d tractive power were independent 
of velocity the train would continue to gain indefinitely, assuming 
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that the gvade continued uniformly. But practicAlly, when the veloc* 
ity had increa^ to a much higher figure, the resistances would 
increase and tlie tractive power decrease until there could be no 
further increase in vel(K‘ity. 

From ail the alwve it may l)e inferriKl that 

(1) When the velocity is uniform, the virtual profile is parallel 
with the actual profile. 

•(2) "When the vchwity is increasing, the profiles are separat- 
ing; when it is decreasing, they are appnwching each other. 

(3) When the vehK‘ity is zero the profiles coincide. 

(4) The virtual grade at any place is a measure of the work 
required of the engine beyond that requirt'tl to overcome merely 
the tractive resistances. If it is horizontal it shows that the engine 
is doing nothing besides overcoming the tractive n'sistances. If 
it is upward and is uniform, as in Fig. 157, it shows that it is work- 
ing uniformly and is storing in the train “[arfential’' energy which 
may be utilized on the return tri[> if it is not utilized in moving 
down a succeeding downgnidc. If it is downwani, ns from U' 
to C, Fig. 158, it shows that the train is giving up kiiuitic energy, 
probably consuming most of it in brakes, but utilizing some of 
it to furnish the tractive {Hnver to run from li to T and also to 
overcome the grade from It to ('. 

181. Use, Value, and Possible Misuse of Virtual Profiles. 
It has been previously shown that, asi«lc from .scemring the maxi- 
mum traffic, the most important accomplishment for the l(K*ating 
engineer is to obtain low ruling grades. At the same time the 
cost for grading must Iw kept as low as possible without sacrificing 
the more iin|X)rtant ehnnents, I'he grade li I) in Fig. 1.57 is an 
example of the possibility of intnxlucing a grade which is much 
steeper than the ruling grade, providing it is not so long that 
the kinetic energy of the train at the Imttom of the grade is 
exhausted before it reaches an easier grade, and also provided 
that no heavy trains are ever comixslled to stop on that grade. 
Herein lies the danger and the possible misu.se of this method. 

A grade might be laid out substantially as shown in Fig. 157, 
with the, intention of running all heavy trains up that grade with- 
out stoi^ing. Later, another railroad might require .and make a 
grade ctoesing at near C, whidi would occationally require that 
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trains shall stop at the (Tossing, and such loaded trains would-be 
unable to start against such a grade, es|>ecially since the tractive 
resistance to starting is so much greater than the resistance at 
ordinary speeds. The chief value of such a method lies in the fact 
that it enables the engineer to determine the actual demand on the 
lo(M>niotive, as it is affect(*d by the vehjcity of the train. The 
‘‘undulatory** profile shown in Fig. 157 will probably be much 
(rheaptT to construct than the uniform grade A E which \vould 
involve a fill at li and a (Mit at I), The metlajd of a virtual pn)file 
will show at once whctluT such a profile at that place will be a 
permissible way of economizing in spite of the fact that it intro- 
duces a l-p(T-cent grade wliich is perhaps higher than the ruling 
grade. Many of the “improvements of old lines'* depend on this 
process for their solution. 

For example, a grade which always may have Ih'cu harm- 
less and unnoticed suddenly becouM's important wlum it becomes 
desirablt‘ or necessary to reijuin^ all heavy trains to stop at some 
point on it; such a case is ski‘tched in Fig. 15S. The above method 
indi(*ates how such a problem may be investigated. The grmle 
(> Jy of course becomes the critical grade, but under given con- 
ditions the virtual profile will show the demand on the lo(.*omotive. 
Examples of this will b<‘ given later, rndulatory grades have 
the advantage of decreasing the c*ost of construction and of being 
harmless under given conditions, but there are some dangers. 

(' D E in Fig. 1 57 is called a “hump” in the grade. In the numer- 
i(‘al case given it is only 4.8 fwt and. would be harmless under almost 
any (xmditions, but if it were considerably more, and if a train 
when passing C had a voI(K*ity much less than 20 miles per hour, 
it might become stalled before reaching the summit of the hump. 
Slippery rails or a strong head wind may so increase the resistances 
against which a train works that if the computed margin of velocity 
head at the top of a hump is made t(x). small it may be entirely 
overcame and tlie train may be stalled before it is safely over the 
hump. A velocity of 5 miles per hour, which corresponds to a 
velocity head of only 0.tS8 feet.is the least margin that should be 
safely allowed. This is also partly due to the fact that when the 
velocity becomes less than 5 miles per hour the resistances per 
ton increase, and as the'yfSfwity drops very^ow they increase 
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vey rapidly and the law on which the above calculations art' based 
bmmies inoptTativc. 

Another danger is tliat a sag may be so deep that trains >vlll 
aajuire an exct\ssive vehM-ity when passing through it unless brakes 
are applUni. This of course diH\s not mvtiin tliat the sag must not 
be iisi‘d. It simply means that the sag will cause a waste of energy 
in brakes, a waste which must afterward be made up by increased 
work^from the Iocomoti\'e. This, consequently, is one of the cases 
which requires computation, by methods which follow, to determine 
whether or to what extent the sag is justifiable so that the two 
items of increased first cost and increascMl o[HTating exiamses shall 
be made a minimum. For example, a freight train may approach 
a sag with a velocity of 20 miles per hour. Its velo(*ity head is 
therefore 14.05 feet. If the sag at its lowest point is 40 ftH't lower 
than the imaginary grade line on w'hieh the train could have run 
without changing its velocity (the grade A It' in Fig. 157), then the 
velocity head of the train at the bottom of thf‘ sag would be 54.05 
feet, which corresponds to a spml of 30.2 miles pcT hour. Although 
this is a penni.ssible speed with freight trains whi(rh are et^uippetl 
with air brakes and automatic couplers, it is a))proaehiiig the limit, 
and there might be some local conditions which would render even 
this speed through the sag inadvisable. 

182. Problems. 1. If a train is r unning uniformly along 
a level grade at a simhhI of 35 miles fXT hour and n^achesa 1.2-per- 
cent upgrade, how far up the grade c‘ould it run In^fon* its speed is 
rtnluml to 10 mile.s per hour? 

Velocity head for 35 mih‘s per hour = 43.01 feet 

Velocity head for 10 miles \Htr hour= 3.51 feet 

Permissible increase in elevation = 39.50 feet 
Distance from bottom of grade = 39.50-?- .01 2 = 3292 feet 

2. At what sp<‘ed may a train approacrh a .sag 28 feet below 
the normal grade line so that its maximum speed at the bottom of * 
the sag shall not exceed 30 miles per hour? 

At 36 miles per hour the velocity head =45.51 feet 

Subtracting the depth of the sag =28.(X)feet 

The permissible velocity is that due to 17.51 feet or 22.3 miles 
per hemr. « 
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RESISTANCES 

183. Train Resistance. The energy of the steam in the loco- 
motive boiler is spent first in overcoming the various internal resist- 
ances between the boiler and the rims of the driving wheels. This 
engine resistance is computed later. Then the resistance due to 
the truck wht'els of engine and tender and the atmospheric resist- 
atK.'e together make up the difference (on a level track and at uni- 
form velocity) Iwtween the adhesion at the drivers and the 'draw- 
bar pull. The draw-bar pull is spent, as discussed herewith, in 
overc-oming the effect of (I) grade, (2) curvature, Qi) the normal 
track resistance on a straight-level track at uniform velocity, (4) 
the force retpiired to accelerate and (5) the starting resistance. 

(1) Grade Itceietancr. Grade resistance is readily determin- 
able with mathematical accuracy atal equals 20 pounds per ton 
(of 2(XK) pounds) for each piT cent of grade, h'or example, the grade 
resistance on a 1.2-|H'r-cent gracle is 20 X 1.2 = 24 pounds ptT ton. 

(2) Cvrmlure llesistance. Gurvaturc resistamsj is usually con- 
sidered to l)e the ciiuivalent of a .0:55-pcr-cent grade for each degree 
of curvature, although the resistance varies somewhat, depending 
on the velocity, and on the suiH'relev'ntion of the outer rail, the 
resistance Ixnng gn-atcr if the velocity is much less than that f(»p 
which the supcTclevation was designed. This is the value usually 
taken in computing the conn)eusation for cur\’atures (see article 
17<)). Then the resistance in pounds per ton equals 20X.035=0.7 
pound for each degree of curvature. 

Examples. 1. Whatisihrrurvat«rcrc8i8tanopi»ortononii 4-flrgre«purve7 

Sidutum. 4X0.7 ■s'i.S potinds per ton 

2. What is the ronibincd eiirvalurr and ariide n^sistanm on a O-degree 
fiirvo, located «»n a 2.2-|KT-wnt ara*lc7 

tSoliiliim. The grade equivalent to the ciuwe“CX.03.')«*0.21, which added 
to 2.2*2.41 per cent, the (equivalent grade. 20X2.41 .=4a.2 iiounds per ton, 
the resistance. 

(.1) Normal Track Refintance. Normal track re^stanoe is a 
combination of several resistances which are variondy affected by 
clianges in conditions. The resistance to the rolling of wfaeds on the 
rails is a very small part of the total resistance. Accurate tests cl 
journal friction show that^l^e friction of axles in their bearings is 
actuallj^less at higher velocities, probably because the resulting bj^ier 



RAILROAD ENGINEERING 


241 


ten^rature reduces the friction. The total varies with the number 
of cars in the train. The resistance per ton is much lower as the 
‘load per wheel increases. The atmospheric resistance of freight' 
train.s oddently depends on whether the train is made up of only 
one t^pe of car (box, flat, or gondola), or of a combination of types, 
which would increa.se that re.sistance. Numerous experiments have 
been made, by placing a dynamometer lietween the locomotive and 
first car, to determine the amount of the tractive force and to dis- 
cover its variation witli velocity and its other laws. Of course it 
was necessary, when analyzing the results of these tests, to deduct 
first the effect of grade, curvature, and acceleration or retardation ; 
but even then the results are so far from uniform that no set of 
numerical values mn Ik; uniformly appliinl to all grades of track. 
This variation is due to the very evident fact that the resistance 
would be less on a high-grade, well-kept truck, with heavy rails than 
on a cheap, rough track, with light rails. Hut there is one very 
significant and surprising result which may Ik: dcHluced from each 
series of tests, and that is, that a formula which makes the resist!) iks* 
equal a aaistant times the numlK‘r of tons plus another constant 
times tlic number of curs, but with no variation deiwnding on veloc- 
ity, will satisfy the dynamometer results as clo.sely as any other 
ec]ually simple law. This statement applies to freight trains between 
the velocities of 5 miles and 35 miles per h»-.ir. When starting the 
resistance is greater. At higher velocitic's than 35 m.p.h. the resist- 
ance is also greater, but since the economies of reclutsHi resistance 
apply chiefly to freight trains at usuj^l working velocities, the sim- 
plicity of the above law is important. Each .set of tests on any 
given piece of track will give a new pair of constants for the resist- 
ance formula. A compilation of the results of many tests gave the 
follow'ing, issued by the American Railway Engineers A.siiociatioo, 
as an average formula: 

R-2.2 f-l- 121.0 (105) 

in which R is total resistance at uniform velocity on a level tangent; 
T is total weight of cars and contents, in tons; and C is number of 
fre’^ht cars in train. 

It should be clearly understood that the formula does not 
\ necessarily give the actud resistance for any fpven case, since the 
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resistan(‘Cf will (ie])t;ncl on the actual condition of the track, but'^tlie 
result will he a gootl average result and for coynparative purposes the 
fomiiila is useful. 

^ilie resistance of trains at higher velocities than 35 miles |K*r 
hour must be considered as depending on velcxaty. The formula 
used by the Baldwin Ixieoinotive Works is 

7f = 4.3+0.(X)17 r- (106) 

in which It is the resistanei? per ton, and V is the velocity in miles 
l)er hour. The fonnula is particularly applicable to passenger 
trains having cars w'eighing 45 tons and over. Fur lighter cars, the 
freight-train formula should be used. The formula should not be 
used for low velocities, especially those below 10 miles per hour, 
nor for light-weight ears. 

Example. Assuiim tluil thm? an* Xi freight curs weighing, with con- 
lents, 2*200 tiinn. What i.s llu* total n»sistanee hehiiici the engine? 

Applying epilation (105) 

= *2.2 X 2*200 -i- 1 2 1 Xt X HSoS pounclrt 

As HU illustration of variations in results, depending on varia- 
tions in track condition, some t(^sts on the Baltimore & Ohio Uailroatl 
were retlueed to a formula similar to equation (105) but with the 
(-•onstants, 2.78 and 113.9. TTsiiig the.se constants and applying the 
formula to the above numerical east*, the computed value of It 
would be 9875, an increase of nearly 12 per cent. This variaticai 
shows the uselessness <)f attempting to apply any definite numerical 
values and to expect accuracy uiiless the resistance of the particular 
track in question has been determined by actual te.st. 

(4) Accelvrntire Force, Accelerative force has lw?en computed 
theoretically in article 179. The formula for acceleration may alst> 
lx? a|4)lie<l to detennine how far the kinetic energy in a train will 
help to force it up a grade which is greater than that up whitdi 
the locomotive could haul such a train indefinitely. 

(5) Starting Resistance. As previously stated, the resistance 
per ton when starting a train is conaderably in excess of the ordinary^ 
resistaiuie. When cars have been left standing for several hours, 
or even days, esi)ei4ally in winter wejither, it may take a force of 
40 {K>unds [XT ton to ftfoducc motion. The liearings become 
**frozeit!> But such resistance is only momentary and may be 
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partj^' overctjinc by tlie impact of moving cars or engine striking 
against the stalled oars. When an engineer r<*verses his engine, 
l>acks it against the oajs, and then immediately reverses again so 
as to go forward, he accomplishes thrto things: (1) the journals 
become loosent^d from the comparatively rigid condition they will 
assume e\en during a short stop; (2) the si)rings of the couplers 
will iHToine comprc'ssed during the small backward motion and their 
expaiisRin during forwanl motion will materially assist the forward 
motion; (3) if the train is very long, the total slack in the couplers 
is very c‘onsiderai)le and tlie locoinoti\c will have moved several 
feet before the last car begins to move and the cars are starUxl 
one hy one. Such devices in o|MTation nHlu(r to a variable extent 
the resistance which vvouhl be encouiiterc‘d if all cars wctc startwl 
at the same instant. A si'rics of tests on the Rock Island system 
gave rf*sults with an ordinary range from 10 to IH i)oiiiids per ton 
^ind averaging 14.1 pounds. An extrcmie value of 1^0 pounds was 
noti'd for ‘‘frozen bearings'* and a low extreme of only () ixmnds 
extra wheti the stop was only moim‘ntary. Since a juggling cf 
the train can j)roduce virtually the same n^sult as a mere inomc n- 
tary stoj), the necessary extra starting re.sihtance for a limiting 
case will be considered as only (» pomuls per ton in solving some 
numerical problems in a later artic-lc*. 

Example. How much draw-bar pull will be t'<‘quired \o haul a freiKhi 
train c»f 10 ears, ouch weighing; 70 tons, and a eabuuMC wttigliing !'« tuim, at a 
uuiforin velocity of 15 niilas jut hour up a O.O-per-i’ent gradi*? 

t<olittUm. Tho only aignifieatiee of ihc 1.5 in p.h. in the .solution w th<‘ 
fact tliat it is belwwn .5 and 55 and that l'(|uation (105) is applicable. Tho 
grade rt'sLstance jmt ton is 20X0.9- IK |>oundH, an<l for the 11 ears weighing 
VJ5 tons it is 71.5 X’lK =3 12,870 (KiundH The trarlivo jesisl anep, by equation 
(105), IK 

R « 2.2 X 7 1 .5 -h 1 21 .0 X 11 - 2911 |Kniridh 
Adding the grade rcKiatanee, tho total nwatanee would be 15,781 iKiundn. 

ITie aliove problem assuincHl gondola cars weighing 4(),0(K) 
pounds and each carrying HK),0(K) pounds and a 15-ton ealniose. 
Suppose that the train consisted of empties, say 35 empties at 20 
tons each, or 700 tons, and the lo-txin calKKise. The total weight 
being the same, the gra<ie resistance is the same. Put the number 
of cars being greater, the tractive resistance is greater and 

2.2 X 7 15-f 121 .0 X *40 * 5951 |H>unds 

m 
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which is Hii increase of 3040 pounds, and the tractive resisi^nce 
is more than doubled. It should be noted that if there were no 
grade, the tractive resistance would be only 2911 pounds for the 
loaded train and 5951 jxmiids (over twice as much) for the empty 
train of tht‘ same gross weight. On the other hand, on the 0.9-per- 
cent grade the resistance of the loaded train w*ould be 15,781 pounds 
and that of the train of empties 5951 + 12,870=18,821 pounds, 
which is only 19 per cent greater. The average tractive resistance per 
ton of the loaded train is 29114-715 = 4.07 pounds, while that of 
the empty train is 59514-715=8.32 pounds. The grade resistance 
is constant in cither case at 18 pounds per ton. The character 
of the train load, whether loaded or consisting of a long train of 
empties of the same gross weight, is thus a matter of great imi>or- 
tance on a level or nearly level road and becomes of much less impor- 
tance on a grade of even 0.9 per cent. On a 2-per-cent grade the 
tractive resistance is conifmratively small and variation in the 
character of the loading is of still less importance. 

Example. How much tnictivr form will he required, usina the data of 
the. previous example, to inereu.se the velofuty from 15 in.p.h. to 20 m.p.h. in 
a distance of 500 feet? 

Solution. Applying cMpiation il04) we have V', * 15, K^«20, and ««500. 

Then 

P « ?vL\(20’ - 1.5*) =24.5 ))Ounds petr ion 
500 

For tlie 715-ton train, this will require an extra pull of 17,518 
pounds. This is the equivalent of a 24.54-20= 1.225-per-cent 
grade. Whether the locomotive has sufficient tractive force to 
pnil 15,781 pounds of tractive force and grade resistance and 17,518 
[H>inids more for aiwleration, or a total of .3JJ,299 |xmiids, is a matter 
to be studied uinler “power of the lo(N>motive“, article 189. The 
further question would arise, could the locomotive make steam 
fast enough to produce this energy? This wall he considered in 
article 189. 

Example. What ia the tractive resistance behind a pasEmger engine 
of a load of 4 cars, each weighing 52 tons and traveling at a velocity of 60 miles 
jwr hour? 

Solution. Substituting in equation (106) the value of r=60, we obtain 
R » 10.42 potmils iier ton, anctidr the 208 tons the draw-bar pull would be 2167 
pounds. 
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irrespective of the resistance of the locomotive itself, considered 
later, this pull of 2167 pounds at a velocity of 60 m. p. h., or 88 feet 
•per second, is the equivalent of 88X2167 * 190,696 foot-iM>unds per 
second, or, dividing by 550, equal t») 346 horsepower. 


PULLEY POWER OF LOCOMOTIVES 


184. Rating of Locomotives. Since it is very important for 
the economical operation of roads that eai-h kK'omotive should 
be loaded to the limit of what it can efficiently haul, and situ^e, 
as shown in article 18.3, the hauling power of a locomotive, espet'iolly 
on a flat grade, depends on the number of cars ns well as on their 
gross weight, it is important to determine fur each loiromotive a 
loading which will measure its power and which is independent of 
the number of cars or of the rate of grade. This loading is called its 
“rating” and by applying to the rating a proper correction, deiiending 
on the number of cars and grade, the hauling power or the proiwr 
* loading of that locomotive for any grade may be readily determined. 

Let P be pulling jwwer of the locomotive*, or the traclive power 
as measured at the rim of the drivers; K weight of engine and tender, 
in pounds; W weight of cars behind tender, in pounds; It rale of 
grade, or ratio of vertical to horizontal; K a constant which, as 
determined by tests, is the factor 2.2 {M>unds jx-r ton, in ecpiatiun 
(105); C a constant whi<-h, as determined by tests, is the factor 
121.6 pounds per ton, in ef|iuttiun (105); A numlxT of ears in the 
train ; and A the desired rating. Then 

/>*(/?+ TD (/t+K)+N(: 

transforming. 


H+K 


The right-hand .side of this (equation is the weight of the train 
behind the tender plus the number of cars times a quantity made 
up of two constants and the rate of grade. This right-hand side 
of the equation is called the rating, or A. Values of the fraction 
C-4- (R+ K)f in tons per car, which are independent of engine or 
train characteristics, are tabulated for various rates of grade, as 
given in Table XVIII. In computing these values, since C and K 
are resistances per ton, R most be the resistance ner ton for the 
rate of grade etmsideied. 
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TABLE XVill 


Values of C-i-(R+K) for Various Grades 

(111 titiiB iior <‘iir) 


T 

T<»n.m 


Tonh 

G It ADI. 

T*»vh i 

(ilCAJiK 

Tons 

CjKADK 

Tons 

(•ltAl>K 


1»Elt ('aI« ' 

R 

I'Klt <*AK, 

K 

I'KIl Cau 

H 

i*KR Car 

/J j 


n 

(i- 

(lJ»T 

r-H 

(pf*r 


1 (iH'f 

t'-i- 

(|M*r 


(piT 

(/^4A') 

vi-nt) 

(ft+A) 

i'»*iil ) 

<A4 A) 

{ rent) 

(A+A) 

’ 

! bc'vel 

55 

0 5 

10 0 ^ 

'< 1 0 

5 5 

I 1 5 

3.S 

: 2 0 

2 ss ! 

0 1 

2!t ' 

0 0 

s 5 ; 

1 1 

5.0 

! l.O 

3 0 

2 ‘c 

2.75 ■ 

0 2 ; 

20 ! 

0 7 

7.5 

i 1 

4 0 1 7 

3 4 

: 2.2 

2 .(W i 

0 3 ! 

14 

0 S 

0.7 1 

1 1 3 

4.3 1 1 S 

3.2 

! 2.'3 

2 52 1 

0.4 

12 

0 0 

0 0 i 

i 1 4 

4 0 

1 0 

3 0 

i ‘-2 4 

2.42 i 


IZxamples. 1. Assiimo that, tlio ynilling power I* of a locomotive, or the 
|)owor fit the rim of the ilrivers, eoinpiited as in article 19(), Wfis estimated to 
be ;t.‘h742 pounds and that the weijrht II of the enycine and tender was 315, (XX) 
pouiuls. On a 0.r»-per-eeni Rrade /^ = . 005 and A' - 2.2 poiimls per ton <»r .(Xlll 
]>ouiui per pound. 

*Se/a/fV)?f. 

.1 = rufr'VlLrrr-:(>''.f>(W = r>,2l(i.(KK) |»ouiul8=20ftH tons 

.000*f*.00II 

which is the rating for a 0.5-per-eent ytratle. Similar ratings for that locomotive 
may be c^isily computed for all rati's of grade. Such a locomotive may haul 
on any grade a load U' such that A -“ir-f *V (' A'). From Table XVIII 

wc find that, for a 0 .Vper-cent grade, f ’ ( A* -f- A'' ~ 10. Jf Th»*re are 40 cars in 

the train, then 

200S-ir4*(40XH)) 

ir - 2(K)S-I(H>-220S tons 


which i.s an average of 55 tons yaT cju*. If th<‘ cars are of uniform weight (such 
as ernplies, weighing say IS tons) then ir~ IS S, and the eiyuation becomes 
2tX)S - 1 S A 4- 1 0 .V 2S A 


and 


X -03 


wdiich means that such an engine can haul a load of 93 (>mpties, each averaging 
IS lon.s, tip a ().5-|aT-cent grade at a uniform vidocity. Note that thi.s ignorin) 
curvature resist anee, which if it i»xists is itssumed to l>e providfH^I by a etini- 
fKuiKation of the grade. 

jf. What would I JO the rating for the same locomotive on along 1.6-fjer- 
cent grade? 

iSob</toM. 

' lioutMte»¥?^*tona 

Ity. Talde Will, the “arljustiiiont’' in tons |>i*r car is Again conaidering 
empties Wf^ighing IS tons, we would have 

829«1S Ar+3.6A’«2K0iY 
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If all wore loadorl and had an avera^^ weight of ions, we would have 
/ 82t) -56 A' +3.6 N -59.6 A’ 

*V -nearly 14, or say *13 loiiili^l ears oiul (he eahoow^ 

• 

In the above examples the pulling power P is determined on 
the basU of the loerunotive working at the maximum velocity M at 
which it can maintain full stroke. St'e article Iflt). This represents 
practically the maximum janver of tlie locomotive. The vekwity 
M is usually from 4 to 7 miles i)er hour and is as low us should be 
allowed on maximum grades, since an attempt to utilize u slightly 
higher tractive force at a som(‘vvhat Iowit velocity would probably 
result in stalling the train if an unexpected resistance in the truck 
slightly incTcased the normal resistance. 

185. Units of Operation. A large part of the calculations in 
railroad economics consists of a valuation of changes in alin<uneut 
or the financial value of a reduction of distance, curvature, rise ami 
fall, and ruling grade. Formerly such calculations were made, 
•exclusively on the basis of the cost of an average irain-viih\ esi)ecially 
as this i.s shown to be surprisingly isinstant for roads of all chanc - 
ters, long and short, heavy traffic and light traffic. The geiund 
method was to take up each item in turn of the average cost of 
ojH^ratiiig trains and to estimate the effed of a change in alinement 
on the normal average fiercentage of viwh item. Some of the items 
are affected very materially; others are affc< red vcTy little or not at 
all. The normal average for each item was then multiplied by the 
yiercentage by which that item was estimated to be affeeteil by that 
unit change in alinement conditions, and then the sum of these pnal- 
ucts would he the (»omputcd ixTceiitrfge by whii h that unit I'hange 
of alinement would affect the average <*ost of a train-mile. Further 
study has shown that the cost of fuel, for example, for freight trains 
is dispn>portionately high. Therefore, wlum comjiaring the rela- 
tive co.sts of oj)erating frt*ight locomotives on two different grades, 
it will not do to base the estimate of increascsj fuel demand on the 
average cost of fuel for locomotives of all kinds. But it has be<x>me 
increasingly apparent that the effect of grade, for example, on the 
cost of operating a train is largely dcr)cndent on the weight of the 
train, on the character of the lr>comotive and its rating. Therefore 
the effect of grade cannot lie measured liy any one fac tor times tl\c 
. number of train miles involved. 

m 
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Some of the elements of variation of operating expenses are 
m»)r<? a<-curately measured by the number of ton-miles. A stu^’ of 
' tlie effect of rolling stuck on track Maintenance shows that it is 
largely dependent on train velocity and also on intensity of axle 
loading. Although exact ratios are not computable, it has been 
broadly estimated that passenger trains, having a much higher 
average velocity, are responsible for twice as much track damage 
as the same t»)nnage of freight trains; also that loc-omotives, having 
heavier axle loads and not being truly counterbalanced, are respon- 
sible for twice as much track damage as the cars of the same train, 
which Would mean that the hwomotive of a high-spteecl passenger 
train would d<» four times as much damage as the car axles of a slow 
freight. 

'J’he fHmttngt’r-iitilr, although frecjuently usetl in statistics of 
service rendered by railroads, has little or no ndation to the cDst of 
servic*e and therefore is not usetl in problems of changes in alinement 
and grade. 

The cor-niile is a useful unit for some sjx.*cial purposes. If a 
steel passenger car weighs KXl.lKM) pounds and carrie.s even its 
maxiinuin load of 80 passengers with an average weight of 12.5 
IM)unds, the total live load (10, OIK) pouials) is only 10 per cent of the 
dead load. Ami when, as is usual, the actual live load is only a 
part, and perhaps a small part, of the jjossihle load, then it makes 
hut little difference in the tractive font* required for hauling, esja*- 
eially on low grades, whether the car is loaded t)r empty. Other 
items of exiHUise vary almost directly us the number of car-miles. 

The engiHr-viilc is similarly a u.seful unit in estimates in which 
certain costs vary as the numl)er of engine-miles and nearly or quite 
reganlless of variations in other factors. 

Another element of practical cost in the operation of trains 
o\'er I division is the total time required for a run by the slow freight 
trains. The old methods would invariably indicate that the most 
economical grades, using loc'omotives of a certain power, were those 
which would permit the maximum train load, even at the slowest 
velocity. But it was later developed that it is actuaOy more econom- 
ical to run somewhat lifter trains at a higher velocity; and that 
there is a certain combination of train load and velocity beyond 
whidi, if the train load isi-increased and the time of run increased. 
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the octra fuel burned, the e.:tra time of the train crew$, and the 
extrjA>]ockin{; of the traeks (especially on a single-track road) more 
than offset the economy of increased tonnage in one train. A con- 
sideration of these various elements and units of opiTution shows 
the impracticability of adopting any uniform unit values for one 
foot (or mile) of distance saved, or of one «legrce of cur>'ature saved, 
or for each A per cent of grade lowertn), which would l)e sufficiently 
accurate for universal applicability, and that the only accurate 
methotf of studying the value of a projMJscd change of alincment for 
handling an assumed amount of business, with an asKnm<*d tyix: of 
loc-omotive, is to estimate the power of tliat locomotive on each of 
the two grades (or other variations of alinemcnt) and the relative 
number of trains, with their cost of operation, in onler to handle 
that business. If the problem is a suggested change in an existing 
raatl, the investigator has the advantage of an tipjairtunity to study 
what the locomotive in use can do on the existing alinemcnt and 
■grades, and he has only to compute the effect of the changt's. If 
the problem is a suggested change in a proiM)scd new line, the «’ost 
of operation under both conditions must be estiinatiMi. 

186. Types of Locomotives.- The variations in locomotive 
sendee have developed all con<*eivablc t.\'iH!8 as to total weight, 
ratio of total weight to weight on drivers, tvjH'S of running gear, 
relation of steaming capacity to tractive power, etc. The method 
of classification on the basis of the runnii.:; gear is very simple. 
The number of whwls on both rails of the pilot truck, if any, is 
placed as the first of three numbers. If thert' is no pilot truck, the 
character 0 is used. This is followixl )>y the number of drivers and 
then by the number of trailing wheids, if any. For example, a 
Pacific-type engine has four wheids on the pilot truck, six driving 
wheels, and two trailing wheels under the rear of the boiler. The 
wheel base is symlHilizerl as 4-f>-2. The most common types of 
locomotives, with their popular names and wheel-base symbols, are 


American 4-4-0 

Columbia 2-4-2 

Atlantic 4-4-2 

Mogul 2-6-0 

Ten-wheel 4^6-0 

Pacific 4-6-2 

Sift-wheel switcher 0-6-0 


Consolidfil ion 
Mikado 
Mastodon 
Santa Fe 
MoUet 
A*truck w 


2-H-O 
2-H-2 
4-H-O 
2 - 10-2 
A-B-li-A 
i, nsually 2 or 0 


B^drivera, varying from 4 lo 10 


961 



250 RAILROAD KNCJINEERING 

'file Iritrrstato Oiinniercc (ommissiuii report for 1912 showinl 
5;)4 lucornotives of the “Mallet” type, out of a total of 02,2(V2\p the 
U. S. This is h*ss than 1 per cent but, eonsidering that the growth 
ill iiunihers of this type in one year was nearly 23 per eent while the 
increase in all classes was about li per c<*nt, or that liiore than 10 
p<T <rent of the net increase was of this type, it deserves siK*eial men- 
tion. K^(4nding freak variations, they are always ‘‘four-cyliraler 
compounds”, one pair of cylinders discharging into the other pair 
and then exhausting. They have from five to ten drivii/g axles, 
and have a length of engine wheel-bast; up to nearly 00 feet. Some- 
times the boiler is made “flexible” by a set of accord ion-shaiMMl 
steel rings forming a joint in the boiler shell. The boiler proper is 
on one side of the joint and the feeil-water heater, the reheater, and 
perhaps the superheater are on the other side. Or, the boiler shell 
is made rigid, one end is rigidly attached to the frame carrying the 
high-pressure cylinders and the otla^r end is supported on a bearing 
on the truck frame which carries the low-pressure cylinders and the 
drivers operated by them. The low-pressure truck frame swings 
around a pivot in the fixe<l frame ami this so cuts down the length 
of rigid wheel-base that these engines are operated successfully on 
2()-degree curves, and are therefore ])racticable on any road having 
reasonable alineiuent. These lo<‘oinotives are chiefly used by roatls 
hamlling large quantities of heavy freight, such as coal, up long 
stretches of heavy grades, wIhtc the di^mand for tractive power is 
very great. The tnu'tive |K)wer of some of tliese locomotives is 
ovi*r 110,(KX) pounds, which is nearly four times as great as that of 
the average locomotive in the United States. 

187. OibBurning Locomotives. In 1912 over one-sixth of 
all the locomotives west of the Mississippi River used oil as fuel. 
Some of the wlvantages in using oil are as follows: (1) the British 
tliennal units in one pound of oil vary from about 19,000 to 21, (XX); 
tliose in a pound of c*oal vary from perhaf)s 14, (KX) down to 5000 for 
the poorer grailes of lignite found in the we.stern part of the United 
States and this means a great reduction in the cost of carrying and 
storing fuel, moasurcMi in heat units; (2) the cost of handling fuel is 
reductnl and that of %six>sing of ashes is eliminated; (3) enguie 
repairs are reduced iii many respec*ts although it is said that the 
increased cost of fire-bg^.repairs, due to the intense heat of the oil 
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flame, ojffsw'ts any retluctioii in other items; (4) the fires cmn l)e nuw 
(*ontroll(Ml uinl waste of heat rtHiuml during stoppagi's or 
when drifting down grade; (5) wayside fires due to sparks are alto- 
•getber eliminated; ((i) there is a practical limitation (see article 
189) to the'arnount of coal that one fireman can feed to u fire, but 
there is no such limitation when using oil; (7) there is an equality 
in cost of heat units when a 42-gallon barrel of oil, weighing 7.8 
pounds per gallon, costs (iO cents and a ti>n (2(KX) pounds) of coal, 
havin^^ two-thirds as many heat units junnid, costs $2.()1, or 
4.85 times as much. The other items of diflerence almost invariably 
fa\'or the oil ami might make it more desirable even when the ratio 
of cost seiTOed to favor the coal. Oil is used very extensively west 
of the Mississippi River, where in many places oil is plentiful 
and cheap and coal is poor in quality and high in pric(\ 

188. Relation of Type to Service and to Track Conditions. 
Economy in operating conditions requires a thorough co-«)nlination 
between the cliaracteristics of the locomotive, the fuel it is ti> burn, 
the ixiadbcd and tra<*k it is to run on, and the character of ser\'i<*e 
it is to render. It may not even be the best economy 1o nm* the 
same type of locomotive, for a given kind of service, on conscHiilivc 
divisions of the .same road. 

WheeULoad to Hail-Weight. Siiic*e the supfH>rt whic'h the rail 
receives from the ties and ballast is uncertain and variable, any 
ruje for the relation must be empirical and approximate. The rule 
adopted by the Baldwin I.<ocornotive Works (“8(X) {Kumds of wheel 
I)er pound of rail jxsr yard’’) may be used in making a diagram from 
which the relation Ix^tween total wcigljt on ilriving wheels, number 
of drivers, and weight of rail, may lx; readily obs(;rvt»d, Fig. 159. 

For example, if it is desirctl to use a type of locomotive witli 
170,000 pounds on the drivers and also 75-pound rails, four pairs 
of drivers will be needed. By using 9r)-[K)imd rails the same weight 
on drivers could be plaml on three axles. As another example, 
a Pacific-type locomotive, with 150,000 pounds on its six drivers, 
should have a rail with a minimum wi;ight of 88 pounds, or say 
an 85-pound rail 

189. Power of Locomotives. The tractive power of a hxfo- 
motive, or its “draw'-bar pull” is limiusl by the adhesion of the 
drivers, and by the capacity of the boiler to make steam. TJie 
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adhesion of the drivers is a fairly defiiute ratio of the wdight on 
tlie cirivers. I iider very favorable conditions, with a dry^^rail 
and using sand, a ratio of one-third and over can be obtained. As 



Fig. 169. 


Curyw for Finding the Number of Drivere Needed for Given 
IKr eight on Dn\ing WheeU and Weight of Kails 


an ordinary value gne-fourth (JS), or perhaps nine-fortieths 
is more usual. I'nder unfavorable conditions, the ratio reduces 
to one^fifth (/g), or less. The capacity of the boiler to make steam 
depends on the grate arMLi the heating surface, and (in the case of 

■V 
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mod^ heavy freight locomotives) the (rapacity of the fireman to 
shq^'el coal. 

Experience shows that an average fireman, when he must 
minBtain the full power of the locomotive for long peritxis of time, 
can handle about 4000 pounds of coal per hour, although individual 
performances, in special test cas(‘s and for short ])criods of time, 
have given much higher values. It may occasionally be admissible 
to estimate on extra work up to 5000 pounds jk-t hour for a short 
period,* provided it is preceded or followed by easier work. The 
use of automatic stokerrs can raise this hourly consumption very 
considerably (say up to 70(X) pounds) or up to the capacity of the 
ItX’omotive to burn coal properly, whatt'vcr it may be for the par- 
ticular type. There is of course no such limitation in the use of 
oil-burning locomotives, which now include about 7 per cent of tlw 
total number in the United States. These arc the exceptional casets. 

The power develoiwd by any given type of locomotive deixmds 
• largely on the characteristics of the c^oal used. A Hritish thermal 
unit (symbolized as Il.t.u.) is the quantity of heat required to 
rai.se the temperature of 1 iM)und of pure water 1® Fahrenli< it, 
when the water is at or mjar its maximum density at 39.1" Fah- 
renheit. When it is said that a certain grade of coal has 14,000 
B.t.u. it means that the heat in 1 ixaind of that coal will raise the 
temperature of 14,000 pounds of water I®, or, u])proximately, 
10® pounds of water 140®. But although it only recpiires 180.9 
heat units to heat water from 32® to 212®, it nniuires 9(55.7 more 
heat units to change it from w’atcr at 212® to steam at 212®. 
It requires only 53.6 more heat unit,s to ('hange it from .st(fum at 
212® to steam at 387.0® or with a pr(;.ssure of 200 {Mumds ixjr .square 
inch. 

A study of locomotive tests made at the St. Louis Ex|a>.sition 
resulted in the compilation of Table XIX, which is copied from 
the Proceedings of the American Railway Enginc'ering Association, 
and is now included as Table 1, in the Economies section of their 
Manual. It was found that the steam, pnaluctsl j)er sqimre foot 
of heating surface is very nearly proportional to the coal burned 
per square f(x>t of heating surface. The n;sults are purposely 
made about 5 per cent below the results obtained in the St. Louis 
tests to allow few ordinary working conditions. 
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TABLE XIX 

-1 '• , 

Average Evaporation in Locomotive Boilers Burning Bitumitious (jmI 
Simiiar Coals of Various Qualities, and for Various QujpntfUes 
Consumed per Square Foot of Heating Surface per Hour , 

( «>ri fcMul wutfT at FuhreiilitHf . and boiler preNHuro 2(X) jxniDdH) 
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Till' (|uiuility of stiRUu I’vafMiratcil for (|iiantit i(*A or qualities of 

roiil can ho fonnii l»y iiitorpolation. 

< )u IniiUwator ilist riots rii'iluct. the following from tubular quantities: 

For oaoh iV aocuiunlattHi soiUo 10 |>ei^ cent 

Fo* oaoh grain por V, S. gallon of foaming salts in the average 

fo<Hi water 1 piT eent 

190. Power Cakalations. Illv^ratm Examplf, Aiisuine that 
a Mikudo liK-omutive, having a total heating surface of 2565 square 
feet is finxl with roal wlmse samples test 13,000 B.t.ii. On the basis 
tiiut a fireman run handle 40(X) pounds of coal {ler hour and main- 
toin such work throughout his run,, the coal may be fed at the rale 
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4000 

lgg^^.56 pounds per hour per square foot of heating surface. 

. If tlw aii^Sried mine samples of the coal tested 13,000 B.t.u., the 
average nm-of-car coal would have about 90 per cent of this, or 
11,700 B.t.u. Interpolating in Table XIX for 1.56 and 11,700 we 
find that the pounds of steam per pound of coal would be 4.72. 

. But since the locomotive is designed fur use at 175 pounds gage 
pressure, instead of 200, as in Table XIX, the amount of steam 
produced will be about 0.3 per cent more, or say 4.73. The uncer- 
tainties of firing are so great that such small corrections may be 
ignored. . But considering that a superheater is used in this loco- 
motive, and that, with the usual superheater proportions and 
efficiency, 0.85 pound of superheated steanl may be considered as 
ha\nng the same volume and pressure as 1 pound of saturated steam, 
the amount of steam developed by 1 pound of coal is equivalent 
to 4.73 -r 0.85 Bu.iSG pounds. Then the equivalent amount of 
’steam developed per hour equals 5.56 X4000 ^ 22,240 pounds. 

The weight of steam used per stroke may be computed tnf)4t 
eaaly by utilizing Table XX, which is also taken (but somewhat 
amplified) fjom the Proceedings of the American Railway Engineering 
Association,* and now included as Table 2 in the Economics seciion 
of theig Manual. The weight of steam per foot of stroke for 22 
inches diameter and 175 pounds gage prcssiu'e is I.IOG pounds 
and for a stroke of 28 inches (2| feet) it is 2.581 pounds. For a 
complete revolution of the drivers it is 4X2.581 »10..324 pounds. 
I^ce the engine can develop the equivalent of 22,240 pounds of 
steam per hour and will use 10.324* pounds at one revolution, it 
can run at a speed of 22,240‘f- 10.324 = 2154 revolutions per hour, 
or 35.9 revolutions per minute, at full stroke and maintain full 
boiler pressure. The drivers are 57 inches in diameter and there- 
fore have a mrcumfdrenoe of (57'4' 12) X3.1416= 14.923 feet. The 
iwarimimi engine speed for full stroke is 35.9X14.923 =535.7 feet 
per minute. Multi{dying by 60 and dividing by 5280, or dividing 
by 88, we have 6.087 miles per hour as the maximum speed at which 
Inn stroke can be maintained. 

In Table XXI, also taken from the i»ooeedings of the American 
Bldhniy En^iieering Assodation and now included as Table 4 in 
the Eoopnsnica section of the Manual, are pven the pounds of steam 
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TABLE XX 

Weight of Steam Used in One Foot of Stroke In Locomotivi^ 

Cylinders 

(Cylinilrr drametor ia (or hich-i>nMiure oylindnra in eompound looomotivaa) • 


WBifJiiT <jr Rtkam pkr Foot or Stbokp. roB Vahious Gaob pRBiMtfRBA 


DlAMETKIt 

OF 

CrUNliKB 

(irif'hfH) 

220 I’dtiuilH 

pur Htiuarc 
Inrh 
(lb.) 

210 Poundh 
l>cr Square 
Inch 

200 Poundh 
per S<|uarc 
Inch 
(lb) 

190 Pounds 
per S^iuiire 
Inch 
(lb.) 

ISO Pounds 
Ijor Squarf' 
Inch 
(lb.) 

170 Pounds 
per Square 
Inch 
(lb.) 

IGO Pounde 
per Square 
• Inch 
(lb.) 

12 

0.405 

0.389 

0.370 

0 354 

0 337 

0.321 

0 :404 

Vi 

0.475 

0.456 

0 435 

0 415 

0.396 

0.376 

0.357 

14 

0.551 

0.529 

0 rm 

0.482 

0.459 

0.436 

0.414 

15 

0.633 

0.607 

0 579 

0.553 

0.527 

0..501 

0,476 

m 

0.675 

0.649 

0.618 

0.590 

0.562 

0.535 

0.508 

1(1 

0.720 

0 691 

0.658 

0.629 

0.599 

0.570 

0.541 

17 

0.812 

0.780 

0.744 

0 710 

0.676 

0.643 

0.611 

18 

0.911 

0.875 

0 8:14 

0 79t‘» 

0 759 

0.722 

0.68.5 

18} 

0.962 

0.924 

0 881 

0 Sll 

0 SOI 

0 762 

0.724 

19 

1.015 

0,975 

0.92S 

0.887 

0.845 

0.804 

0.763 

19} 

l.(K19 

1.027 

0 978 

0 934 

0 890 

0.847 

0.804 

20 

1 . 125 

l.oso 

I 1.029 

1 0 98.3 

0 936 

0.891 

1 0 846 

20} 

1.181 

1 134 

1 1 OSl 

1 o:i 2 

0 984 

0.936 

0 888 

21 

1.240 

1.191 

1 134 

1.083 

1.032 

0.982 

0.932 

22 

1.361 

1.307 

1.245 

1.189 

1 . 133 

1.078 

1.023 

23 

1,487 

1 428 

1.361 

i 1.300 

1.238 

1.178 

1 1.118 

24 

1,620 

1.55.5 

1 4S2 

1 416 

1.348 

1.283 

1.218 

25 

1 . 758 

loss 

1.608 

1 536 

1.462 

1 392 

1.322 

26 

1.90K 

1.825 

1 1 7:19 

1 (H)l 

1.582 

1.506 

1.430 

27 

2.050 

1.9(>8 

1 1 875 

1 792 

1.706 

1.624 

1.542 

i 28 

2 204 

2 117 

2 017 

1.926 

1 8.35 

1.745 

1.657 


For weight of Htoiun uwhI per rovoluticm of drivers at full cut-off: 

Multiply the tabuUur quantity by four times the length of stroke in feet 
for simple and four-cylinder compounds. For two-cylinder compounds 
multiply by two times the length of stroke. 

per indicBtetl-horsepower hour for ample and for compound 
locomotives for various velocities, which are multiples of M, the 
maximutn velocity at which the boiler can maintain steam at 
ImII pressure. The table b computed on the baas of ^K) pounds 
gage pressure, but factors are ^ven for other pressures. For 
example, continuing the above numerical problem, the pounds oi 
Steam per i.h.p.-hour, for a ample locomotive, at M velodty, and 
at 200 pounds pressure, taken from Table XXI, b 38.30; for 175 
pounds pressure we mus^'&nlliply by the factor 101.7, adudt makes 


m 
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TABLE XXf 

, Maximum Cut-Off and Founds of Steam per I.II.P.-Hour for 
Various Multiples of If 

(JT U mHxiiDuni velocity in miles per hour at full cut>offt with boiler pmumire at 21N) 
* pounds per square inch) 


VSLOCfTT 

• 

Cur-Orr 

Pounds Btram pkr 
l.H P.-Houn 

YkUH'ITY 

Cut-Off 

Pounds Straw prr 
1.M.P.-HOU11 

(per cent) 

Simple 

CiimpuuDd 

tper cent) 


■9 

1.0 Af 

Full * 

38.30 

25 80 

2 9 Af 

3H .5 

24 37 

21.04 

1.1 '• 

94 4 

36 46 

24 36 

3 0 “ 

37.0 

24.22 

21.21 

1 2 “ 

89 1 

34.89 

23 24 

3 2 ** 

34.2 

24. (X) 

21.57 

1.3 

84.3 

33 56 

22 35 

3 4 

31.8 

23.85 

21 .93 

1.4 

79.7 

32.41 

21 65 

3.« " 

29. S 

23.8 

22.27 

1.5 

75.4 

31 40 

21 . 14 

3 8 “ 

28 0 

23.8 

22.57 

l.« “ 

71.4 

30 49 

20 77 

4 0“ 

26 4 

23.87 

22.86 

1.7 “ 

67.7 

29.67 

20 52 

4 25 “ 

24.7 

24.05 

23.22 

1.8 *• 

64.3 

28 93 

20 40 

4 50 “ 

23.3 

24.24 

23.50 

1.9 “ 

61 0 

28.25 

20.40 

4.75 “ 

22.1 

24 44 

23.85 

2.0 “ 

58.0 

27 (V2 

20 40 

5 00 “ 

21.1 

24.64 

24.15 

2.1 “ 

55.2 

27 05 

20 40 

5 5 “ 

19.5 

24.98 

24.70 

2.2 

52 6 

26 52 

20 40 

6 0 “ 

18.4 

25.20 


2.3 ** 

50 A 

26.00 

20.40 

6.5 “ 

17.6 

25.45 


2.4 “ 

47.8 

25.67 

20.40 

7.0 “ 

17.1 

25.00 


2.5 

45.7 

25.32 

20 47 

7 5 “ 

10 7 

25.70 


2.(i “ 

43.7 

25.02 

20 60 

8.0 “ 

16.4 

25.80 


2.7 “ 

2.8 " 

41,8 

40 1 

24 76 
24. ,54 

20.73 

20.88 

9 0 “ 

16.1 

25.90 



For Hteain por i.h.p.-hour fftr other boiler orcHsurrs lako the followina 
percentages of values given in fable: 


IflO lb., 103 per cent IHO Ib., 101 .3 per cent 210 Ib., 00.5 pi^r ec?nt 
170 lb., 102 . 1 ptir cent 100 lb., 100 . ft per cent 200 lb., 00 . 2 inr cent 


the quantity 38.95. Dividing this into 22,240, the steam produced 
per hour, we have 571.0, the i.h.p. at Af velocity. Multiplying 
this by 33,000, the foot-pounds per minute in one horsepower, 
and di\'iding by 535.7 the velocity in feet per minute, we have 
35,174, the cj'Under tractive power in pounds, when burning 40QP 
pounds coal per hour and running at 6.087 m.p.h. 

To obtain the draw-bar pull, we must deduct the engine resist- 
Mioes wludk may be computed as given in Table XXI I , also taken from 
the Proceedings of the American Rmlway Engineering Assodation 
and now mcl\$^ as TaUe 7 in the Economics section of the Manual. 
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TABLE XXII 
Locomotive Resistances 


Total locomotive Resistance is A +B+C, in which 

A « resistance between cylinders and rims of drivers, and in pounds * 
*18.7 T-f-SO N in which T * tons weight on drivers and 
iV'* number of driving axles. 

B* resistance of engine and tender trucks, and in pounds 
*2 . 6 T+20 AT in which T * tons weight on engine and tender trucks 

and A'’* number of truck axles. 

C* head-end or “air" resistance, and in pounds * 

« .(102 V^A in which V —velocity in miles per hour, and 
A =*end area of locomotive. 

On the basis that the end area averages 125 square h^^t, the last formula 
becomes C»0.25 The number of pounds air n^sistance for various 
velocities is as given Ix^lonr. 


VlB- 

LOC'- 

ITT 

V 

Rciiiar- 

Awre 

C 

V'ri/ic- 

ITY 

y 

Rrmimt* 

A VCR 

C 

Vkloo- 

irr 

V 

Rcaiiit- 

AVee 

c 

T 

REAtHT- 

AVCE 

C 

V«i.no- 

ITT 

r 

Reaiat- 

avcb 

C 

Veloo 

ITT 

V 

Reamt* 

ANCE 

C 

1 

0.25 

8 

16.00 

15 

56 

22 

121 

29 

210 

36 

324 

2 

1.00 

9 

20.25 

16 

64 

23 

132 

30 

225 

37 

342 


2.25 


2.5.00 

17 

72 

24 

144 

31 

240 

38 

361 


4.00 

Bn 

30 

18 

81 

25 


32 

256 

39 

380 


6.25 

Bn 

36 

19 

90 

26 

169 

33 

272 

40 

400 


9.00 


42 

20 

100 

27 

182 

34 

280 

50 

625 

H 

12.25 


49 

21 

no 

28 


35 

306 

60 



Draw-bar pull on level tangent equals the cylinder tractive power less 
the sum of the engine resistances. 


At low speeds, the adhesion of the drivers sliould be considered and 
available draw-bar pull should never be estimated greater than 30 per cent 
of weight on drivers at starting with use of sand, or 25 per cent of weight 
on drivers at running speeds. 


Applying Table XXII to the numerical problem, item A*(18.7X 
70,6) + (80 X4) « 1432 lb. The total weiglit of engine and tender is 
315,000 pounds; subtracting 153,200, the weight on the drivers, we 
have J61, 800, or 80.9 tons, the weight carried by the engine and 
tender trucks. Item B = (2.6 X80.9) + (20X6) =330. Item C for 
velocity M is almost insignificant, say 9 pounds. The sum of A, B, and 
C is 1771 pounds; subtracting this from 35,174 we have 33,403 pounds, 
the estimated draw-bar j>ull for that speed and coal consumption. 

To note the effect of increasing the rate of coal consumption, 
^ the problem may be again worked through on the ba^ that the 
rate of coal consumption is increased, even tempenarily, fraos 4000 

m 
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pounds to 5000 pounds per hour. The steam developed per pound 
(kf coal is reduced from 5.56 to 4.93, but the total steam prodiu'ed 
per hour is increased from 22.240 to 24,650. The increased capacity 
comes through a loss in efficiency. The increased stt'am production 
raises the velocity at wluch full stroke may be maintained from 
6.087 m.p.h. to 6.746 m.p.h. and the i.h.p. from 571.0 to 632.8. 
But the computed cylinder trai-tiye power is practically identical, 
the Qumerical computation of 35,174 being only changed to 35,175. 
But these cylinder tractive powers are each computed for the 
"M" velocities, the maximum velocities at which full stroke can 
be maintained, and M is higher with increasi«d coal consumption. 
For a real comparison, the figures must be reduced to the same 
velocity, e.g., the working velocity of 10 m.p.h. 10-^6.087 =* 1.643, 
the multiple for the original problem. For 5000 pounds of coal 
per hour, M velocity is 6.746 m.p.h., and the multiple is 1.482. 
From Table XXIII we find that the percentages of cylinder tractive 
power for simple engines for these two multiples of M arc 77.44 
and 81.93,. respectively. The liighcr value is 10.").7 pe^ t »nt of 
the lower, which shows tlwt, in this case, adding 25 per cent to 
the rate of coal consumption adds only 5.7 per cent to the cylinder 
tractive power at 10 m.p.h. 

As anotlier instructive variation of the .same problem, assume 
that the coal has effective B.t.u. of 13,'K)0, instead of only 11,700. 
It will be found that steam will l)e produced more rapidly, the M 
velocity is 6.777 m.p.h. and the horsepower at that velocity is 
635.7, but the cylinder power is t*omputed to lie 35,177 pounds, 
which is again almost identical wnth the previous values although 
the M velocity is still higher. Tlie multiple fur 10 m.p.h. is 1.476 
and by Table XXIII the per cent of cylinder tractive p<iwer is 82.11, 
whidi b an increase of 6 per cent over 74.44 jier cent, showing that 
the increase in effective B.t.u. from 11,700 to 13,000 adds 6 per 
cent to the cylinder tractive power at 10 m.p.h. 

These values for cylinder power may again be checked by the 
^pks rule that 

Tmetivse dbmeter)*Xeffective steam pressure X stroke 

diameter of driver 

Hie ''effective steun pressure" b generally considered as 
85 per oeift ^ the gage pressure, and for' the above case would be 
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TABLE XXIII* 

Per Cent Cylinder Tractive Power for Various Multiples of ff 


(M iH iriuxiiijurn vriority iu uiilcn M>r hour at which boiler prcasure can 
bti niaintaincu with full cut-off) 


VEl.t)r- 

IT> 

TKit Cent 
(CToin- 

iKMimi) 

Pkr Ck.nt 
fSimplri 

Vkmm- 

ITY 

Pr.R Test 
((' om- 
pound; 

Per 
Cent 
i Siriipio) 

V KLOC- 

ITY 

Pcs 

Cent 

(Com- 

pr>und) 

Pee 

Cent 

(Simple) 

Sturt 

135.00 

lOO.(X) 

3.0 M 

32.40 

44.75 

6.4 Jl/ 


23.59 

().r> M 

103.(K) 

103.(X) 

3.7 “ 

31.25 

43.50 

6.5 “ 


%3.18 

I.O “ 

UK).(K) 

1(X).(X> 

3.8 “ 

30.10 

42.39 

6.6 “ 


22.79 

i.i “ 

00.2ft 

05.57 

3.0 ** 

20.14 

41.24 

6.7 


22.42 

1.2 “ 

02.55 

01.53 

4.0 

28.21 

40.10 

6.8 “ 


22.00 

i.:i “ 

ftS.S3 

87.83 

4.1 “ 

27.38 

30.00 

6.9 “ 


21.71 

1.4 •* 

ft5.12 

84.40 

4.2 •• 

20.50 

37.00 



21.38 

i.r> “ 

«1.40 

81.37 

4.3 “ 

25.77 

30.97 

7.1 " 


21.06 

1.0 “ 

77.08 

78.. '15 

4.4 “ 

25.03 

30.03 

7 2“ 


20.75 

1.7 “ 

73.«« 

75.07 

4.5 “ 

24.34 

35.13 

7.3 “ 


20.45 

l.H “ 

70.25 

73.00 

4.0 “ 

2;i.09 

34.26 

7.4 “ 


20.16 

1.0 “ 

00.51 

71.11 

4.7 “ 

23.07 

33.41 

7.5 “ 


10.88 

2.0 “ 

03.21 

00,37 

4.S “ 

22.48 

32.50 

7.6 “ 


19.01 

2.1 “ 

00.20 1 

07.47 

4.0 ** 

21.02 

31.82 

7.7 “ 


19.34 

2.2 

57.IS ' 

05.07 

5.0 “ 

21.38 

31.11 

7.8 " 


19.08 


54.07 

03.04 

5.1 *' 

20.87 

30.42 

7.9 “ 


18.82 

2.4 “ 

52.08 

02.22 

5.2 “ 

20.37 

20.75 

8.0 “ 


18.57 

2,5 •* 

50.42 

00.55 

5.3 “ 

19.89 

29.10 

8.1 “ 


18.33 

2.0 “ 

48.10 

* 58.02 

5.4 “ 

10.43 

28.48 

8.2 “ 


18.09 

2.7 “ 

40.08 

57.33 

5.5 ** 

18.90 

27.87 

8.3 “ 


17.86 

2.H “ 

44.10 

55.78 

5.0 


27.33 

8.4 “ 


17.64 

2.0 “ 


54.20 

5.7 “ 


20.81 

8.5 •* 


17.43 

0 “ 


52.78 

5.8 “ 


20.30 

8.6 “ 


17.22 

;i i “ 


51.33 

5,9 “ 


25.81 

8.7 “ 


17.01 

3.2 “ 

K fiS 

49.01 

0.0 “ 


25.34 

8.8 “ 


16.82 

3.3 

35.08 

48.55 

0,1 


24.88 

8.9 “ 


16.63 

3.4 *• 

34.00 

47.24 

0-2 “ 


24.44 

9.0 “ 


16.45 

HH 

33.53 

45.97 

0.3 *• 


24.01 





*Tablc Ti iu iMMUiomioi* Hectinn of Manual of American Rmlway Engineering Aseoriation. 

.85x175-- 149 pounds; diameter piston=22 inches; stroke«28 
inrlios;*‘<liamettT of driver =57 inches. Then the tractive force 
= .‘15,425 pounds, which is less than 1 per cent in excess of the other 
values. This rule is more simple as a method of obtaining merely 
the maximum tractive power at slow velocities, but the jwevious 
method, although longer, is preferable, mce it computes the critiod 
velocity M, and also the tractive force at higher velocities. 

191. Tractive Force at Hiller Velocities. At high^ vdodties 
than M, cylinder power'falls off quite rapidly, anoe the.ateaia 
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is tut off at part stroke and is used expansively. The proper per 
dbnt of cut-off and the number of pounds of steam per i.h.p. are shown 
in Table XXI. In Table XXI is given the per cent of cylinder tractive 
pow’er for multiples of il. The table shows, for examjde, that, for 
simple engines, the cylinder tractive power is 60.37 per cent of its value 
for full stroke when the veltK'ity is 2M and that when tlie velocity 
is increased to 5M the tractive power is rcdiutid to 31.11 per wnt. 
Applying this to the above numerical problem, when ilf = 6.0S7 m.p.h., 
the cylinder tractive power is rcAluced to 31 .1 1 per cent of 35,1 74, or 
10,943 pounds, but, since the velocity is five times as grt>at, the 
horsepower developed is 31.11 per centX.5 = 1..5r» timra as great. 
It should be noted that Table XXIII shows a slight excess of tractive 
power (6 per cent when starting) for the simple engint*. This is due 
to the fact that with very low veltK'ities the cylinder prt'ssure more 
nearly equals the full boiler pressurt! and there is not the usual 
reduction of atM)ut 15 jkt rent. Alst), ct>mpouud hictnnotives 
are oj)crated with all the cylinders using full-pressiiro steam, which 
increases their effectiveness at .starting about 35 per cent, altliough 
at some loss in economy of steam due to ci>inpounding. But 
since the starting resistances arc so much greater . than the rt'sist- 
ances above 5 miles per hemr, the extra’ assistance is very tirnedy. 

192. Further Power Calculations. Illu/itrative Ksample. Con- 
tinuing the investigation of the Mika (o locomotive (sec article 
190), draw a' curve representing its cylituler tractive imwer for all 


VbLOCITY I CvUNUtK Tbac-TIVK rnWl:R 


(muH^lcs 

per 

hour) 

mil) 


Lot f».MrrriVK 

UBKlHTWt K 
( pr^uiuin; 

Draw-Bah 

(fwiunclM) 

0.0 

0 000 

100.00 

37,28-1 

1762 

35,322 

1.0 

0.087 

100.00 

32,174 

1771 

33,403 

1.2 

7.;i04 

91.53 

32,195 

1775 

»(>,42U 

1.5 

9.131 

81.37 

28,621 

1783 

2«,88H 

2.0 

12.174 

69.37 

24,400 

1799 

22,601 

3.0 

19.261 

52.78 

lS,5fh5 

1854 

16,711 

4.0 

24.348 

40.10 

14,105 

1910 

12,105 

5.0 

30.435 

31.11 

10,943 

1993 

8,950 

6.0 

36.522 

25.34 

8,913 

2095 

0,828 


velocities from 0 to 35 miles per hour. From the numerical example 
worked out in article 190, we found that the cylinder tractive power 
for if vdodly (6.087 m.p.fai) was35,174 pounds. From Table XXIII, 
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the power at starting is 106 per cent of this, or 37,284 pouiftb, 
and the change in power is assumed to vary uniformly in that rang^. 
By multiplying 35,174 by the various percentages for the various 
multiples of M, we have the tractive power at the several vdoriti^ 
These values are plotted in Fig. 160. From Table XXII we find that 
tlie locomotive resistance is 1762 pounds for the A and B resistance 
at all velocities and that the C resistance varies from about 6 ppunds 
at M velocity (6.087 m.p.h.) to about 3.33 pounds at 6 if velocity. 
Subtracting these resistances from the computed values of cylinder 
tractive power, we have the “draw-bar pull” for the various veloc- 
ities, all as shoan in the tabular form. These several values for 
cylinder power and of draw-bar pull are plotted for the correspond- 



Fig. KM). Tractive Poa’cr uf Mikado lioooniotivo at Varying Velodtiea 

ing velocities in Fig. 160, giving the two curves as shown. Tlie 
rapid decrease in possible draw-bar pull for increase in velocity 
is well shown. But the student should carefully note that this 
curve represents the Kmitatim of draw-bar pull and not the actual, 
whic'h may be conriderably less and which is measured by the 
reai.stance. 

193. Relation of Boiler Power to Tractive Power. The 
power at high velodties’ depends on the rapid production of steam, 
as has been shown, and this depends on the area of the fire box. 
All of the older styles of locomorives have fire boxes fimited to the 
width wbk‘h can be properly placed between the dri\’’m. The 
Wootten fire box was jdacea over the drivers, wUefa madeitincmir 
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0 


MoOtTL 


PiuiRia 


Cylinders, dinm.X stroke 

BdUer uv'esBure 

Fire box, lengthXwidth 

Grate area, square feet 

Heating sunace, sq. ft., fire hox and tubes 

Driving wheels, diameter, inches 

Weight on driving wheel^ pounds 

Weight of engine alone, pounds 

Weight of engine and tender, pounds 

Assumed B.tu. in coal used, 4000 lb. per hr. 

Coal piMT sq. ft. of heating surface |M^r hour 

Pounds steam per pound coal (Tal>le XIX) 

Pounds steam per hour (multiply by 4000) 

Pounds steam per stroke (Table XX) 

Pounds steam per revolution (multiply by 4 ) 
Revolutions pc*r hour, at Af velocity 
Revolutions per minute, at M veio<uiy 
Circumference of drivers, linear feet 
Velocity (»), feet per minute, Af velo<5ity 
Velocity (V), miles per hour, Af velocity 
Horsepower at Af velocity (Table XX I) 
Qylinaer tractive power, pounils, at Af wlocity 


20in.X2fiin. 
200 fiounds 
108 in.X33 in. 
24.70 
1052.00 

51.00 
137,300.00 

154.000. 00 

2.54.000. 00 
12, (XX). 00 

2.05 

4.16 

16.640.00 
2.230 
8.020 

1865,. 50 

31.00 
13.35 

415. a5 
4.716 
434.40 

31.400.00 


20 in.X24 in. 
200^undB 
74 in.X66 in. 

84.000 
2135.000 

51.000 
122,100.000 
153,300.000 
253,000.000 

12 , 000.000 

1.873 

4.390 

17.560.000 
2.058 
8.232 

2133.500 

35.560 

13.350 

474.730 

5.394 

458.400 

31.865.000 


veniently high, .unless the drivers were objectionably smaH. Then 
the plan was devised of placing the fire box over a low pair of trailing 
wheels and behind the rear pair of drivers. This plan made it 
possible to double the net width of the fire box. In order to get 
essential fire-box area in the older styles of locx)motives, it is neces- 
sary to lengthen the fire box until it i.^ difficult for the fireman to 
reach and properly clean and tend tho fire at the forward end. 
But by doubling the width, the fire box may be made as large as 
de^red and even shorter than some of the older designs. The 



M oav L Lot** >MOTiv r 

Pkairik Locomotivb 

Multiplim 





owM 

Velocity 

Cylinder Tractive 

Vpl<»ciiy 

CTylitider TraeUvn 


(m.p.h ) 



Power 

(ni.p.h.) 

Power 

0.0 


33,284 


33.778 

1.0 

4.716 

31,400 

5.394 

31,865 

1.2 

5.659 

28,740 

6.473 

20,166 

1.5 

7,074 

25,550 


2.4,020 

sr.o 

0.482 

21,782 

10.788 

22,105 

3.0 

14.148 

16,573 

16.182 

16,818 

4.0 

18.804 

12,601 

21.576 

, 12,778 

5.0 

23.580 

0,760 

26.970 

9,913 

15.0 

28.206 

7,067 

32.304 

8,075 

7.0 

33.0X2 

6,713 
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iiicreuKed fire>box area justifies a greater heating surface and results 
in a greater prcKluction of steam per pound of coal and a more 
rapid production of steam, and hence greater power. The value of this 
change is best shown by a comparison of two locomotives which 
are very similar in many respects except those due to the difference 
itj fire boxes, etc. The two locomotives are a “Mogul” (2-6-0) 
and a “Prairie” (2-6-2). The several characteristics, some of 
which acp computed as in article 192, arc best shown by tabulating 
them. (See top of p. 2():i.) 

Knowing the cylinder tractive power at M velocity {M being 
somewhat different for the two locomotives), we can determine the 
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cylinder tractive power for various multiples of M, by means trf 
Table XXI II, by the method already given in detail. The results 
are tabulated at bottom of p. 263 and are plotted in Pig. 161. 

The student should note that the two locomotives are of almost 
the same weight, have the same driving-wheel diameter, same 
cylindd^ diameter, same boiler pressure, and are compared on the 
basis of using the same quality of coal. The Mogul has 15,200 
pounds extra on the drivers, which should apparently give it advan- 
tage, but Fig. 161 shows that, even at the start, the Mogul has 
slightly less tractive power. But the Prairie fire box is wider, 
although Shorter, %nd lias 38 per cent more area. This permits 
more rapid production of st^m. By scaling the terHcal 
between '^e two curves at points, it is found that for any vdoo* 
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ities between 5.5 and 25 miles per hour the Prairie lias about 2000 
^pounds more cylinder tractive power. Of course, the comparison 
should be made on the basis of their relative draw-bar pulls, which 
T^ould be obtained by subtracting the engine resistances, as given 
in Table XXII. Bu.t this shows that the engine resistam'e of the 
Mogul is greater than that of the Prairie, which leaves an even 
greater difference in favor of the Prairie. 

,The trailing w'heels under the fire Ik)x also serve th(; purpose 
of guiding the driving wheels around curves when the locomotive 
is running backward and in this resiK'ct accomplish what the pilot 
truck does for forward running. 

The comparative power of these* two hwomotives may he shown 
by a numerical example. As.sume that a train of 10 coal cars, 
each weighing when fully Ijjaded 70 tons, and a caboo.se weighing 
15 tons, is being hauled up a 0..‘i-p«^r-<*ent grade at a unif<)rm vehwity 
of about 20 miles per hour. The resistatuv, by equation (105), is 

i? = 2.2 X (1 C X 70+ 1 5) + 1 2 1 .0 X 1 7 = 4505 lb. 

The grade resistance of the cars is 20X0.:{X 1135=0810 jamnds. 
It is assumed that all curve resistance is eliminated by a sufficient 
reduction of grade where it occurs st* that it may b«; iiu+ided with 
the grade resistance. The veloc'ity laang assumed uniform, there 
is no requirement for energy for accel-ratiou. I’he totid car resist- 
ance is therefore 11 ,375 pf)un<ls. The engine resistance is a function 
of the velwity, but considering that the element depending on 
velocity is relatively small, we will consider it at its average value 
for 20 miles per hour. The resistances may lar aunputed as 1870 
■ and 1532 for the Mogul and Prairie engines, respetlivcly, which 
gives 13,261 and 12,907 pounds, respectively, for the total demands 
-pn cylinder tractive power. These resistances, being practically 
independent of velocity, are horizontal lines and are drawn as shown 
in Fig. 161. This indicates that the limit of velocity of the Mogul 
locomotive with that train on a 0.3-per-cent grade is less than 18 
miles per hour, while the Prairie engine cxiuld haul the train at 
over 21 miles per hour. This gain of 3 miles per hour would have 
conriderable value in the economy of train operation. Or, it may 
be shown that the Prairie engine could' haul 19 loaded cars (an 
increase lof over 18 per cent in revenue load) and a caboose, and 
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could haul them on the 0.3-per-cent grade at a velocity of 18 miles 
per hour, the limiting velocity for the Mogul. « 

The student should remember that, as before intimated, there 
are several elements of uncertainty (such as the strength and ability 
of tlie fireman, and the condition of the track) which might modify 
the above figures and make them unreliable as a precise measure 
of the real power of either locomotive, but, on the basis of average 
condition^ the figures are a measure of the comparative valup of 
the two locomotives. 

194. Effect of Grade on Tractive Power. The effect of 
grade on tractive power is best shown by some numerical 
computations whose results arc plotted in Fig. 162. The cylinder 
tractive power was computed for three engines of greatly different 
total weight and power, but w'hich had driving-axle loads nearly 
identical (about r)0,750 pounds) and therefore, by the rule given 
in article 188, criiild all l)c oiHirated on the same kind of track. 
Using the Baldwin Locomotive \V»»rks rule, as given in article 188, 
iXn0,750T-3(K)=84.5, which means that the rails should weigh 
at least 85 pounds per yanl. Making computations for these 
locomotives, using 12,000 B.t.u. coal, similar to those already 
detailed in articles 190 to 193, it was found that, on a level, the 
cylinder tractive powers of the Pacific, ^likado, and Mallet loco- 
motives were 29,718, 33,575, 49,095 pounds, resiwctively, when 
the velocity was uniformly 10 m.p.b. and the locomotives each 
burned 4000 pounds of coal per hour. The several engine 
resistances at 10 m.p.h. are easily computed from Table XXII and are 
tabulated below. The net values, or the draw-bar pulls, are plotted 


EnOINC CHARArrBBIHTH'H 
(At velocity wlO m p.h ) 

PACiric 

4-e-a 

(lb.) 

Mikado 

2-S-2 

(lb,) 

Mallkt 

2x8-a-2 

ab.) 

Cylinder ^active power on level 

Engine rcKatance on level 

Draw-bar pull on level 

Draw-bar pull on 3-per-eent grade 

29,718 

2,205 

27,513 

15,213 

33,575 

2,648 

30,027 

18,207 

49,095 

4,864 

44,231 

25,631 


<m the left-hand vertical line of Fig. 162, and in each case are the 
ieft-haud ends of the solid lines which show the tractive powers 
of the locomotives. On a 3-per-cent grade the grade redstanoes 
f(^ the locomotives equal 60 pounds per ton, and are 12,300, 12,720, 
fmd 18,600^pound8, respectiv^. llus reduces the effective ^w- 
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bar pull approximatdiy 40 per cent in each case. Since this reduc* 
tidh varies uniformly with the grade, we may plot the three values, 
15,213, 18,207, and 25,631, on the 3 per cent vertical line and draw 
stnught lines which represent in each case the tractive power of 
the locomotive at 10 m.p.h. and on any grade within that range. 

Assume trains of cars, all avera^ng 50 tons per car and varying 
from 10 cars weighing 500 tons to 50 cars weighing 2500 tons. The 
resistances at 10 m.p.h. on a level grade are given by equation (105), 
and may be plotted on 
the left-hand vertical line 
of Fig. 162. Grade adds 

. * . -HiOOO 

re.sistance proportional to 
the grade. For example, 
on a 0.7-pep-cent grade the 
grade reristance per tpn 
is 14 pounds and for 2500 
tons is 35,000 pounds, ygogg 
Adding this to 11,580, the 
tractive resistance, we ts.ooo 
have 46,580 which we plot 
on the 0.7 per cent ver- a.ooo 
tical line. It is indicated 
b}' a small circle. Joining 15.000 
the two points gives the 
resistance line for 2500 /5.000 

tons hauled at 10 m.p.h. 

The drcles on the other 
lines indicate similar com- 
putations. The intersec- 
tions of these resistance rm. i«a. curvn^^mncEAietAfafsdooii 

lines with the lines of 

tractive power indicate the relative power of each locomotive. For 
ocampte, the 1000-ton train can be hauled by the Pacific locomotive 
at 10 BLpJi. up a 0.96-per-cent grade, but a Mikado can do the same 
on a l.l-pH'^ent grade, while the Mallet can dor it on a 1.52-per- 
cent grade. 

All iA tiiese calculations were made on the baas of hunting 
4000 pOuE^ of coal per hour, whidi, as before stated, is the 

m 
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practical limit of what an ordinary fireman can be expected to db 
.for an extended run. “ « 

The description of the Mallet locomotivd (built by the Baldivus 
Locomotive Works) state<i that its tractive power is 91,000 pouUda. 
A computation of its cylinder tracdve power at M velocity, tuinl; 
12,0(X) B.t.u. coal, shows it to be 95,389 pomids. Subtracting 
the engine resistance (4843 pounds) we would have 90,546 pounds, 
which is a very fair check, esfiecially as the Baldwin Locomotive 
Works rnetlKKl of calculation is different. 

195. Acceleration — Speed Girves. The tinw requind for 
an engine of given weight and power to haul a train of known weight 
an<l resistance over a track with known grades and curvature is 
an imiMirtant and necessary matter for an engineer to compute, 
since tlie saving in time has such a salue as to jusitify constructive 
or operating <‘hanges which will re<luce that time. Fig. 160 shows 
that the dn(,w-bar pull is very much greater at verj’ low velocities 
than at tho moderate speed of </ven 15 m.p.h. In .spite of the 
increased resistance at these low velocities the margin of power 
left for acceleration is also greater and the “speed fcurve” is really 
- curve and not a straight line. Its general form may be most 
ea.sily developed by h numerical example, especially as each case 
has its own special curve. 

• Illustrative Example. The Mikado locomotive, who.se char- 
acteristics^lmvc already been investigatecl in article 190 et aeq., 
has draw-bar pulls at various^ velocities as shown in the tabular 
f«>rn» in article 192, to which frequent reference must be made in 
this demonstration. Assume that this locomotive starts firom rest 
on a ().4-per-cent upgrade, hauling a train of 14 cars, each wdigfaing 
50 tons, and a calioose weighing 10 tons. Then the normal levd 
tractive n^staiu-e, by equation (105), equals 

* R - (2.2 X 710) + (121 .6 X 15) = 3386 lb. 

The grade resistance of the cars will be 20 X 0.4 X 7 10 « 5680 pounds. 
The extra starting resistance will be considered as 6 pounds per 
ton, or 4260 poqnds. These three items total 13,326 pounds. 
The average draw-bar pull of the locomotive at velodties between 
zero and if velocity, which is 6.087 m.p.h., is 34,362 pounds, hut 
this must be diminished in this case by 20X0.4X157.5*1260 
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'^lOittids for grade and by 157.5X6 * 945 pounds for starting resist* 
iMib, leaving a net draar-bar pull of 32,157 pounds, excluding the 
mroe required for thi^ acceleration of the locomo.tive. The net * 
foiioe avulable for acceleration of both the locomotive and the 
tpihl is 32,157— 13,326* }M>uuds, or prorated, is 18,8!n-)- 

'(167.5+710) *21.71 pound.s per ton. Transposing equation (104), 
vnth Fi*0, l'’i*6.087, and P*21 .71 pounds, we have a* (37.05 — 0) 
70'*'21.71*119 feet, the distance required to attain a velocity 
•of 6 .OS 7 m.p.h. 

While tl>e velocity is increa.sing from 1 .0 M to 1.2 M, tlie mean 
draw-bar pull Uf ^1,912 — 1260 * 30, ()r)2 pounds, l(*ss the accolerative 
‘^resistance of the locomotive. Subtracting the tractive and grade 
resistances of the cars, we have 30,().)2—33S6 — 5680 * 21,586 
pounds. Note that there *is no longer any starting resistance. 
The accelerative force in pounds per bm is 21,.')S0-r 867.r)=.24.88. 
The distance * required to increase the velocity from 6.087 m.p.h. 
to 7.304 m.p.h., is (53.35 - 37.0.>)70+21..SS*46 feet. Similarly 
the distances required to increase the velocity from 1.2 ii/ to 1 .5 M, 
from 1.53/ to ^ M, etc., are computed as in the acH>omp.wiying 
tabular form, p. 270. 

The corresponding distances and velocities have been plotted 
in Fig. 163. The velocity of 10 m.p.h. is ac’quired in a little over 
300 feet, but it requires nearly 1000 feet to acejuire a velcK:ity.of 
15 m.p.h. and about 2400 feet to raise it to 20 m.p.h. The force, 
in pounds per ton, available for acceleration is maximum at low 
velocities, after the extra starting* resistance is ovcTCome. As 
the margin per ton for acx%leratioi>l)ect>mes less and less, the greater 
is the distance required to increase the velocity ^ mile per hour — 
espec^ly through the last increments— up to the velocity at which 
the net draw-bar pull exactly equals the total car resistance and 

velocity becomes uniform. There is an approximation in 
using average draw-bar pulls between the different velocities at 
whic^ the draw-bar pull has been definitely c»mputed, but the 
computed distances are practically correct up to 43/ velocity 
rut 24.35 m.p.h. But the computation for the distance required 
to increase the velocity from 4 3/ up to 4.58 M is tar less accurate 
if tile average draw-bar pull is used. The diective pull at 43/ 
vtiodty equals 12,195-1260*10,935, less the aocefemtive resist- 
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ai^ of the locolnoti^*e, Tlie tractive and grade resistance of the 
^afs at this velocity is 3386+5680 *9066. This leaves 10,935— 
9066*1865 pounds available for acceleration of botli locomotive 
and cars. The reduction in tractive force between 4 A/ velocity 
and 5 Jf velocity (see article 192) is 12,195 —8950 * 3245 pounds. 
By proportionate interpolation we would then say that the excess 
force available for acceleration would be exhausted at (1860-1-3245) 
“.58 of the interval, or at a veltKity of 4.58 At, or 27.88 m.p.h. 
The mean accelerative force is one-half of 1869, or 9;J5 pounds, 
which is 1.077 pounds per ton of train. The dUtani>e, by an inver- 



Fig, 108 . Tinw Curvas for Mikaife Ta i omoUve and Train 


sion of equation (104), is computed to l>e 11,981 fec't. Owing to 
the approximate equality of working force and resistance and the 
momentary variations in both, the precise point where the accel- 
eration would cease and the velocity would actually become uniform 
would be very uncertain. Fortunately the inaccuracy is of little or 
no practical importance and for the purposes of our calculations we 
may call this last interval 11,981 feet, assuming that the grade is as 
long as 17,234 feet or 3.2 mil&s. If the 0.4-per-cent grade continued 
indefimtdly the train would travel at this umfonn velodty as long 
as the locomotive operated on the basis assumed for this problem. 
Note that Fig. 163 would have to be extended to nearly three times 
its*i»'tseiit length before the time curve would reach and become 
tangent tq the 'line of uniform velodty’'5^ 
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196. Retardation— %ief4 
Curves. When, on account of^ 
grade resistance, the total of 
tractive and grade re«stance is 
greater tlian the draw-bar pull, 
there is retardation. 

Illustrative Example, Con- 
tinuing the numerical problem of 
article 195, assume that, while 
mo\'ing up the 0.4-per-eent grade 
at a velocity of 4.58 M,, or 27.88 
m.p.h., the train reaches a grade 
of +1.2 per cent. The grade 
resistance of the cars will be 
20 X 1 .2 X 710 = 17,040 pounds. 
The tractive resistance will be 
.3380 pounds, as before, making 
a total of 20,420 pounds. Inter- 
]x>lating in the tabular form in 
article 192 for the draw-bar 
pull at 4.583/ velocity, we 
find 10,326; at 43/ it is 12,195, 
and the mean is 11,200; but 
from this mu.st be subtracted 
20X1.2X157.5 = 3780 for grade 
resistance of the locomotive, 
leaving 7480 pounds for the 
net draw-bar pull. The re- 
tarding force is 20,426— 7480= 
12,946; or in pounds per ton 
of train, b 12,946 -5-867.5 = 
14.92. As before, using an 
inversion of equation ( 104 ), 
s - (777 - 593)70 -5- 14.92 » 863 
feet, the dbtance at whidi 
the velocity would reduce to 
am. As before; ti» otbar 
quantities may be emnputed 
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and recorded, 'with less danger of confusion and error, by tabu** 
Jating them, as pven on p. 272. 

“nje mean velocity, when retarding from 4.583/ to 4.03/, 
reduced to feet per second, is as before 38.33 feet per second, and 
dividing this into the distance, 863 feet, pves 23, the time in seconds. 
The quantities for the reduction in velocity from 4 3/ to 3 3/ and 
from 33/ to 23/ are computed similarly. Tlie level draw**bar 
pull (or 1.5 3/ is 26,838 (see article 192) and by subtracting 3780, 
we get 23,058 pounds the actual net ptill on the grade. Similarly, 
the actual pull at 2 3/ is 18,821 pounds. The increase from 18,821 

to 20,426 is 7 :jTi = 38 per cent of the interval from 18,821 to 23,058 

and 38 per eentX.5 = .19; therefore, the actual drnw«bar pull just 
equals the resistance at 2.0— ,19 = 1.81 M, or 1 1 .01 in.p.h. The excess 
draw-bar pull at 2.0 3/ = 23,058 —20,426 = 2632 pounds. At 1 .81 3/ 
the excess is zero and therefore the mean excess is one-half of 
2632, or 1316, Dividing this by 867.5, vre have 1.517, which is 
the value of P in equation (104). Then 

s = (1 48.2 - 1 21 .2)70 -5- 1 .51 7 =» 1 246 ft. 

Velocities in miles jx-r hour can be readily converted into 
velocities in feet per second by multiplying by 1 ,4667. Averaging 
the two velocities at the beginning and the cud of each ]»eriod gives 
the mean velocity; and divitling each of thest; into the distance for 
that period gives the time in seconds. 

197. Drifting. The tractive resistance of the cars of the 
problem just 'worked out is 3386’ pounds; the locomotive resistance 
at 20 m.p.h. is 1862 pounds, or a total of 5248 {wunds. Variation 
in velocity will affect this but little. Di\iding by 867.5, the total 
weight in tons, we have 6.05 pounds, the re.sistance per ton, from 
which the equivalent rate of grade is 6.05 -f- 20 =.302 per cent. 
This means practically that when this train is running down a 
grade which is over .302 per cent it will run by gravity and steam 
may be ^ut off. If the grade is much greater than .302 per cent 
the acceleration on the downgrade may become so great, if the 
grade is very long, that the velocity may become objectionab^'’ high. 

lUtutraiive Examjde, Aasume that the limiting safe velocity 
for fim|^. tnuns, considering the con^rion of track and rolling 
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stock, is 40 m.p.h.; assume that the train we have been o<ta> 
sideling reaches a 0.4-per-cent downgrade at a velocity of 15 m.p.h.* 
IJow far down the grade will it run with steam shut off, before 
the speed reaches 40 m.p.h..and brakes must be applied? Hiere 
is no question here of variable tractive power since the only motive 
jjower is gravity. The resistance is nearly independent of velocity 
and we will here assume it to be so and utilize Table XVII. At 15 
m.p.h. the train has a velocity head of 7.90 ft‘et. At 40 m.p.h. 
the velocity h<‘ad is 56.19 feet. The train can therefore drop down 
the grade a vertical height of 56.19 —7.90 = 48.29 feet before the 
velocity reaches 40 m.p.h. On a 0.4-per-<*ent grade the distance 
required for such a fall is 48.29 -r- .004 = 12,072 feet. The problem 
in article 19.5 assumed that the 0.4-per-cent grade is 1*7,234 feet or 
more, and this shows what will happen to the trains moving in 
the opiKisite direction. 

Hut it must not be thought that there is no loss of energy 
duritig drifting. Even though no steam is used in the cjlinders, 
some is frequently wasted at the safety valve and more is used 
in operating brakes and in maintaining the brake air reservoir 
at full pressure. But the greatest loss of heat is that due to radia- 
tion, cspeeiallj in winter, in spite of all the jacketing devices to 
retain heat. Although the results of the numerous tests which 
have liecu made are quite variable, the following approximate 
averages may be used: the loss due to radiation while standing 
may be figured as 120 pounds of coal per hour per 1000 square 
feet of heating surface; w'hile drifting the loss will increase to 220 
pounds per hour. The amount of coal used for firing up will be 
al)out 510. This is based on the use of 12,000 B.t.u. coal. The 
better the coal, the less Vrill be used. 

J^uatratine Example, The Mikado locomotive we have been 
considering has 2565 square feet of hearing surface. It will then 
require about 2.565X510=1308 pounds of coal to fire up. While 
drifting down the grade, referred to above, a distance of 12,072 
feet, the avattge velpdty is |(15+40)=27.5 m.p.h.=40.3 ft. 
per sec. and the required time is 12,072 40.3 =300 aeconds=5 
minutdB= .083 hour. Hw coal used while driftingdown this diort 
run would be 


220X2.565X^=47 lb. 
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At this point brakes would need to be applied and the time 
spent in drifting beyond this point must be comput^ as an item 
in the total time spent on the run and also to compute tlie total 
amount of coal consumed while drifting. Al^ough this item of 
47 poimds is relatively very small, its method of computation is 
typical of the computation of the several items to make up the 
total of coal consumed during a trip. 

19& Review of Computed Power of One Locomotive. It 
was assumed that it started on a +0.4“j>er-ccnt grade witli a load 
of 16 cars weighing 710 tons. After moving 17,2:14 feet (assuming 
tlwt the grade was that long) and doing it in .5:15 serands, or 8 min* 
utes 55 seconds, the train a(*c{uircd a velocity of 27.88 m.]>.h. and the 
power of the locomotive would then be stiffieient, when burning 4(MX) 
pounds of coal |)er hour, to ki'cp it moving up such a grade indefinitely 
at that velocity. In case the grade were not as lung as 17,2:14 
feet, it would be necessary to compute tlie velocity where tlie rate 
*of grade changed and make that the basis for the computation on 
the succeeding grade. But, assuming that tlie grade were as long 
as 17,234 feet, or more, and that the vehnity of 27.88 m.p.h. had 
been acquired, and that the train liad run at that speed for some 
distance — although tliis does not mixlify the problem — the train 
is assumed to reach a still steeper grade, + 1 .2 per cent. The velm-ily 
then begins to decrease and in a total <!• tance of (>4fi6 feet and a 
total time of 295 seconds, or 4 minutes 5.'» seconds, the velocity is 
reduced to 11.01 m.p.h. at which velocity the locomotive is able 
to make steam fast' enough to oyeicttme the higher resistance on 
the steeper grade. From that point on, assuming that the 1.2>i)er> 
cent grade b longer than G406 feet, the train would continue for the 
remaining length of that grade at the veltK’ity of 11.01 m.p.h. 

As before stated, precision in the above results dejicnds on 
mmiy factors (such as B.t.u. of coal used, or the actual consumption 
in pounds per how) which are somewhat variable. Sometimes 
the variation of these factors from the values us^ above is known; 

. sometimea it is unknown and then the accuracy of the results is 
correspondingly uncertain. But whether accurately known or 
tuAi Wbm this method is used, employing the best values for the 
; factQiB wlucli are obtainable, the method diovs a valuable com- 
two pn^Niaed alinements or grades. In such a com* 
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parison, any error in the factors will affect both results nearly, if 
not equally, and the comparative results will still be substantially 
correct. 

199. Selection of Route. The preceding articles may be 
utilized in coraiMiring two routes. If one of the lines is already 
in o[MTation, tlie engineer has the great advantage of being able 
to <lotermine by test exactly w'hat results may be obtained on that 
line and what factors should l>e used in computations. It; is then 
only ncjecssary to compute the quantities for the proposed new line. 
When both lines are “on pajwr” there is less certainty as to the 
accuracy of the re.sults, except that the line which is sliown to be 
most advantageous will probably esmtinue to be most advantageous 
even if the uncertain factors u.sed in the comparison are somewhat 
changed. T'sing the nu*thods outlined in articles 195 to 197, there 
w-ill be computed the behavior of an assumed tyix* of locomotive, 
hauling one or more types of train load, and passing over tracks 
having definite grades and lengths. The effect of curves may be' 
disreganled provided that the grades were proj»erly compensated 
during original c*onstruction, and then the rate of grade for the 
entire length of straight and curved track may be taken as the rate 
on the straight track. If the rate of grade is actually uniform, 
even through the curves, then the lengths of curved track must 
, be computed separately and on the basis of a rale of grade equal 
to the actual rate plus an allowance of .035 p<!r cent for each degree 
of curve. The behavior of a train from starting to stopping must 
be ctnnputed, making due allowance for each change in condition 
which will affect the hauling power of the locomotive. The loco- 
motive is assumed to be working at the limit of its steaming capacity, 
except when drifting with steam shut off on a downgrade, or when 
brakes are applied, either to prevent objectionably Wgh velocity 
on jjk dowTigrode or to make a stop. The action of brakes during 
a sei^dce stop (as distinguished from an emergency stop) may be 
considered as a retarding force vaiying from 10 per cent to 20 per 
(•ent of the train weight. Unfortunately fad^ action is so vatia^, 
being directly under the control of the kxomotive engin^r and 
varying from zero to tiie fidl braking power, that any computation 
of energy used in operating them or of the effect of the brakes b 
impracticable except urn. the baas of arbitrary assumptkais such ' 
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•s tbe requirement that the brakes are used in such a way that a 
tj^in will be retarded at a specified rate. The performance of the 
Iocomoti\'e over the entire division, the total time required, its 
velocity in critical places, etc., can be computed. In articles 195 
and 196 it was shown that the locomotive amsidered could haul 
the particular train considered up a 0.4-peiw;ent grade at a velocity 
of 27.88 m.p.h. and maintain such speed indefinitely; also that it 
could haul the same train up a 1.2-per-cent grade at 11.01 m.p.h. 
and maintain its velocity indefinitely. This of course means that 
a much heavier train could be hauhnl up the 0.4-per-ccnt grade 
and that a somewhat heavier train could be hauled up the 1 .2-per- 
cent gi^de without being stalled, although the velocities in each 
ca.se would be reduced. There are an infinite numl)er of combina- 
tions but there arc usually some considerations which luirrow the 
choice. Even after construction i.s complete these tables may 
be utilized in- a study of the most economical combination of type 
of loc'omotive un<i amount of train load for the track conditions 
as they may exist. 


PUSHER GRADES 

- 200. General Principles of Economy. It frequently happens 
that the itaturul line of a road in<iu<lcs a few grades which arc con- 
siderably higher than ail other grades. These higher grade.s may 
be practically hopeless, bt'causc a materi.’l reduction in tliejn would 
cost more than it is worth, or more than the general financial con- 
dition of the road can afford. A common error is to con.sidcr such 
a grade as the ruling grade and then reckle.s.sly jM'rmit, at any other 
place on the road, the adoption of any grade less than this on the 
ground that it could never limit the oi)cration of trains. But 
in such cases, it may be ca-sily practicalde to opi;rate* the higher 
grades with a pusher engine and cut down all lesser grades to such 
a rate qf grade that the “through” engine can haul as many cars 
on them as two engines can haul on a pusher grade. The economy 
underlying the method may be seen by a .simple illustration which 
is freed &om all details. 

Assume that on a divition 100 miles long there are two grades 
of 5 milea each on which pusher engines are to be used; assume 
that the grades on the other 90 miles toe so low tiiat one engine 
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may haul as many cars on them as two engines can hfttil oi^ the 
pusher grades; then by using pusher engines the w'eight of all heaver 
trains may be doubled and the heavy freight may be handled in 
half as matty trains. But this economy is effected at the dost 
of operatitig the pusher endues. Using single engines for the 
whole trip, it will require 200 engine-miles to haul a double load. 
But a single engine can haul the double load over 90 miles of the 
run, and the same engine w'ith one pusher can haul it up thq heavy 
gra<les. P'ach pusher engine will travel 10 miles on each grade, 
or 20 miles for the tw'o, and the total number of engine-miles for 
a< double load will be 120, instead of 200. And when it is con- 
sidered that the cost of a pusher engine-mile is far less than that 
of an onlinary train-mile, as will be shown, the advantages of 
the method are still more marked. 

Of course the full economy of the method is only realized 
when the maximum through grade bears its proper relation to the 
pusher grade. If the maximum through grade is greater than its 
proper corresponding value for the pusher grade, then the number 
of cars is limited by that through grade and the power of the pusher 
engine is not completely utilized on the pusher grade. Economy 
of o{)eration requires that an engine should w'ork nearly to the limit 
of its capacity for as large a portion of the time as possible, and 
theixdore when a heavy engine is compelled to haul a light train 
over niue-tenths of the route in order that there shall be sufficient 
power on the other tenth, where alone it is needed, it indicates 
a lack of economy in the design. It now becomes necessary to 
develop the proper relation betw’een through and pusher grades. 

201. Balance of Grades for Pusher Service. Ilhutraiite 
Example. This will be easiest understood by a numerical problem. 
Supp^ that at two or three places on the line it seems impracticable 
to obtain at a reasonable expense a grade less than 2.10 per cent 
(nearly 111 feet per mile). But unce it seems pracricable to make 
a very much lower grade elsewhere, we will compute the corre* 
ending through grade as the grade to work for. Assume that 
the through and pusher engines are alike and that, for rimplidty 
in calcination, they are of the Mikado type’and <4 the particular 
dimensitms whose duuraataristics have already been devt^iped 
in artiii^ 190 at as;. draw-bar imU at M vdodly 
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b 33,403 pounds. But on a 2.10>per-cent grade this must 
he diminished by 20X2.10X157.5»6615 pounds, the grade resist* 
ance. Two such engines on the 2.10-peiH‘ent grade would have 
a total net draw-bar pull of 53,576 pounds. Assume tliat the trains 
to be hauled are made up entirely of coal cars, fully loaded to 100,000 
pounds, and weighing 40,000 pounds, and also a caboose weighing 
12 tons. On the basis of equation (105), the tractive resistance of 
each ceal car is 275.6 pounds and tliat of tlie caboose 148 pounds. 
OnAhe 2.10-per-cent grade the total resistance would be 3215.6 
pounds for each coal car and 652 pounds for the cal)no.se. The 
net pull available for coal cars is .5.3,.")76— 652 ■=.52,924 poundt, 
from which 52,924-f-3215.6 = 16-|-, showing that 16 loaded coal 
cars, besides the caboose, could be haultHl up the 2.10-per-ccnt grade 
by the two locomotives, and that there would be a considerable 
margin of tractive power. VVe must determine the rate of grade 
on ■which one locomotive, with a cylinder tractive pow'cr of 35,174 
pounds at M velocity (6.087 m.p.h.), can haul a load of 157.5 tons 
(engine) plus 16X70, or 11 20 tons (coal cars) plus 12 tuns (caboose), 
or a total of 1289.5 tons. The tractive resistance of the locomotive 
(see article 190) is 1771 pounds; for the cars it is 275.6 XI OH- 148= 
4558 pounds, or a total for the whole train of 6329 pounds. The 
force available for grade is 35,174 — 0329 = 28,845 pounds, and 
28,845 -t- 1289.5 = 22.4 pounds per ton, wl '<‘h is the grade rcsistanct* 
on a 1.12-per-ccnt grade. The net result of the above eulctdation is 
that the proposed road may be constructed with 2. 10-jKT-cent grades 
as pusher grades, provided that the ruling grade for .single engines 
is kept as low as 1.12 per cent. 

Sometimes, though rarely, two pusher engines, and even three, 
may be used on a pu.sher grade. This might l>e found desirable 
on the basis of a combination of grades on each of which the resist- 
ance is such that one uniform train load can be handled with the 
aamefadlity by one engine (or tw'o, or three, or even four). Although 
the calculations are more complex, they are worked on precisely 
the aaine principles as those used above. 

302. Operatioa of Pusher Engines. Economy in pusher- 
cAgine work demands ^lat the schedule of trains be so arranged 
timt the puriier engine can be kept constantly at work. If there 
aije aemaI''alM«rt puriier grades separated by several miles of level 
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track, it means either that a pusher engine must be asagnM to 
each, grade, where there may not be enough work to keep it busj', 
and therefore its daily cost divided by its engine-mileage is abnor- 
mally large, or else it must travel uselessly over some intervening 
stretches of level track in order to be at hand when wanted. Even 
the time table of the trains must be arranged with reference to the 
pusher service so that there will not be an accumulation of traffic 
at the pusher grades at certain hours, with notliing to do at other 
times. The locating engineer has no concern with the operation 
of trains, but he should hunch the pusher grades if possible, even 
sending a little additional money for it if necessary. 

On very light-traffic roads, where the trains are so few that 
the method docs nt)t interfere with the schedule, a pu.sher grade 
may be operated by a single engine, by taking half of the train up 
first, leaving it on n .switch, and then returning after the other 
half. This means slow time (which a very poor road can afford); 
it means a saving of the cost of the extra engine, and also tlie com- 
paratively costly maintenance of it if the total amount of pusher 
work is very liglit. Such a road is probably not blessed with an 
exetiss of traffic except during a small part of the year, and the 
cost aiul maintenance of a uselc.ss pusher for a large part of the 
year is thereby saved. But it should be noted that even if it is 
exiKictwi to follow this iwliey, it d«>es not make the slightest dif- 
ference in the design of the pusher grades or in the ratio of through 
to ])usher grades. 

Another ]M)ssible method of economizing on pusher service, 
especially on light-traffic roads, where a pusher grade begins or 
ends near a station yard which is so large that a switching engine 
is necessary for at least part of the day, is to combine the switch- 
ing and pusher work. A little ingenuity in planning the schedule 
will thus enable the pusher engine to \itilize its w'hole time in useful 
W’ork. 

203 . Length of Pusher Grade. The true length whidi must 
be oomsidered in the following calculations is alw'a>’s somewdiat 
in excess of the length of4he actual grade as measured on the profile. 
Although it is sometimes possible, by having the pusher engine 
approach the train fronviiehind, to accomplidi its work without 
stuppi^ the train either at the top or bottom of the grade, yet 
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this requires an extra length of track and considerable extra 
iqileage on the part of the pusher engine. For passenger service 
the as^stant engine is always placed in front, and although it is 
practicable to uncouple the assistant engine at the top of the grade, 
run it ahead at increased speed, run it on a luding and again clear 
the main track without stopping the train, it is usually ne<‘essary 
to stop the train at the bottom to couple on. Increased mileage 
is newgsary for this. The stopjiage and restarting of a heavy 
train uses up as much energy as would carry the train several miles 
on a level track and therefore! an increa.sc'd run liy the pusher engine 
is justifiable if it will save stopping tiie train. A siding at or near 
the bottom and top of the grade (and also a telegraph office) is 
a convenience and almost a necessity for the quick and safe oiiera- 
tion of pusher grades, aiul while they must lui ch'ar of the grade it 
is sometimes more convenient to remove them some distani'C from 
the ends of the grade. Each case is n separate problem, but the 
length to be used in the following calculations must always lie the 
actual run of the pusher engine, which will be somewhat in excess 
of the actual length of the pusher grade as showm on the pr< dile. 

204. Cost of Pusher-Engine Service. The cost deix-nds 
partly on the work done by the engine and partly on mere time. 
The wages of the enginemen must be paijl on a per divm basis rather 
than on a mileage basis, and if the engine does not run many revenue 
miles, the cost for the miles it diws run )s iiK-reast'd. In view of 
the fact that the damage to roadway and track by a locomotive 
has been estimated to be 2 to 4 times that due to an cqu^l weight 
of cars, it is evidently approximiftcly true that pusher engines, 
which are usually of the heavy-freight t^qx*, should be cliarged 
about the same as the average charge for all trains, for all 
the items of maintenance of way. Acc*)rding to Table XVI, this 
should be about 18 per cent of tlie average cost of a train-mile. 
Adding the full percentage for engine repairs, fuel, water, lubricants 
and supplies, signaling and telegraph, but excluding enginemen’s 
wages, we have, according to the figures for 1912, a total of about 
40 per cent of the average, cost of a train-nule. To this must be 
added the full per diem duu-ge for wages of enginemen and firemen, 
la 1912, this avawged for the whole United States $5 per day for 
engin^aaea and $3.02 for firemen, but considering that there has 

m 
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been an almost uniform increase in these figures from $3.84 and 
$2.2(), resf)ectively, .since 1902, their values durii^ the next few years 
are problematical and must be determined for each individual 
case. There must also be added a charge for the capital co^ cd 
the engine. Since the cost of repairs and maintenance has already 
Ixicn include<l, the initial cost divided by the estimated number 
of miles in its total mileage life gives a charge per mile which covers 
the capital cost. If such an engine costs $20,000 and its mileage life 
is 800, 0(K) miles, the capital cost per mile is 2.5 cents. But since 
the pusher engine must run 2 miles for each mile of pusher grade, 
we must multiply the above computed mileage charge by 2 for each 
mile of pusher grade. 

lUuairative Examdle. \ locating engineer may find himself 
compelled to choose between two {lolicies, which may be illustrated 
as follows: Resuming the numerical case of article 201, assume 
that the engineer finds that he can concentrate grading expenditures 
on certain parts of the line and make a through grade nith a max- 
imum of 1 .5 iK*r cent, or he can concentrate on other parts of the 
line and cut down all single-engine grades to 1.12 per cent, leading 
two grades of 2.1 per cent whose effective pusher-grade lengths 
(.see article 20.‘{) are 7 and 8 miles, respectively. Assume that the 
two methcxls may be constructed for about equal cost. Which 
is preferable? 

From the calculations of article 201, we find that the draw- 
bar pull at M velocity on a level is 33,403 pounds and on the 1.5- 
pcr-cent grade it is 20X1.5X157.5 = 4725 pounds less, or 28,678 
pounds. The tractive and grade resistance of the caboose is 148 
(20X1.5X12) =508 pounds, and 28,678 —508 = 28,170 is the force 
available fur tlie coal cars. The reastance of each car is 276+ 
(20X1.5 X70) = 2376 pounds, and 28,170-5-2376=11.8, showing 
that'bne such locomotive would be hardly capable, unless by extra 
forcing, to haul even 12 cats up the ruling 1.5-per-cent grades. 
The calculations of article 201 show that the revenue tram load 
for the ct>mbination of 1.12 per cent through grade and 2.1-per- 
cent pusher grade is lO’loaded coal cars. , Of course the other kinds 
of traffic should also be conadered; but if the paas«iger traffic 
were very hj^t and thep were only a very few can per train, R 
might pudee no diffemice, beyond a oomparatively harmless redne* 
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tic^ in vdodty for a few minutes eadi and at a few points, whether 
the grade is 1.5 per cent or 2.1 per cent. For simplicity we will 
^nfine the inoblem to a comparison of these grades on the basis 
oL trains of loaded coal cars. Assume that the division is 100 miles 
bng and that there is a traffic against these grades of 96 carloads 
of coal per day. For simplicity we ignore all traffic in the other 
direction. The effect of other details, for or against, must be 
computed separately and independently. With pusher-engine 
grades the traffic can be handled in 6 trains; on the 1.5 ))er cent 
through grades, it will require 8 trains (or 9). On the 7-mile pusher 
grade there will be 14 pusher-engine-miles per trip; on the other 
grade, 16. Then the two pusher engines must run 84 and 96 miles, 
respectively, per day. Suppose that the average cost of a train- 
mile on that road is $1 .60 and that we estimate 40 per cent of it, 
or 64 cents, as the charge per pusher-engine-mile for maintenance 
of wray, engine repairs, fuel, etc. Supi)ose that the pusher engines 
cost $16,000 and that the mileage charge for capital cost is 2 cents. 
Assume for wages of enginemen, $5, and for firemen, $3. Then 
the daily charge for one engine is 

84 (0.64-1-0.02) -1-5.00-1-3.00 -$63.44 
and for the other engine 

96 (0.64-l-0.02)-f5.00-|-3.00=$71..36 

It should be noted that only the cbaiges for wages, ntpairs, and 
supplies will be "directly apparent. A considerable proportion 
of the above cost is that due to track maintenance, which is a proper 
charge but it may be forgotten. The proper mileage cost for through- 
freight trains, operated at the limit of their capacity, is evidently 
much greater than that of the average train. Assume that the 
cost of these through-freight trains has been computed as $2.20 
per mile for that road, as against $1 .60 per mile for the average 
train. Then the comparative costs of the two .sy'stems would be: 

On 1.5 per cent through grade: On 1.12 per cent through grade, 2.1 

8 tmuna at 12.20 per mile, for per ^t pusher grade: 

106 rnOes, per day $1760 6 trains at 62.20 per mile for 


100 miles, per day 61320 

1 pusher engine (84 miles) 63 

1 pusher engm (06 miles) 71 


61760 


61464 
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If 9 truitts, instead of K, were necessary to haul tlie traffic, .the 
advantage in favor of the pusher grade would be still greater. On 
the other hand, each of tlie 6 trains on the pusher-grade line is 
heavier than one of the 8 trains of the 1.5 per cent line and therefore 
we might exi)cct greater injury to the track and that a greater 
charge for track maintenance or a larger total expense per train- 
mile would be charged. But, as before stated, tlie locomotive 
does the larger part of the damage and the addition of cars makes 
but little difference. The saving of $.306 per day, or $95,7^8 for 
313 working days per year, is equivalent, if capitalized at 5 per cent, 
to a capital cxficiidituru of $1,915,560. This sum, so far as it is 
accurate, represents the extra exjicnditure, if necessary, which 
would be justified to adopt the pusher-grade plan rather tjian the 
other. 


BALANCE OF GRADES FOR UNEQUAL TRAFFIC 

205. Fundamental Principles. The volumes or weights of 
the traffic in each of the two directions on any road are usually 
quite different and frequently that in one direction is 4 or 5 times 
that in the other. The nunilier of through engines passing over 
the road in each direction each day is necessarily equal, and, 
unless some engines run “light”, the numlier of trains must be 
the same. The number of passenger cars must be the same, and, 
in tlie long run, even the number of freight cars^ust be the same. 
But if the weight of the freight is ver>' largely greater in one direc- 
tion than in the other, the curs .will run nearly or quite full in one 
direction and nearly or quite empty in the other direction. The 
lightly loaded trains will therefore weigh less, and, with the same 
tlirough enpuc, can surmount a steeper grade than the heavily 
loaded train. It therefore becomes justifiable introduce a slightly 
heavier grade against the lighter traffic, if economy of construction 
b thereby obtained. 

There are many roads which are not concerned with this phase 
of grade. When a branch line runs to some terminu/. in the 
mountains so that practically all of the heavy grades are ^ <me 
direction and there are no opposing grades when running oi|t of 
the mountains (barring a.few harmless sags), tlttre b no liialjln- 
tion of trains by grades mcoept in the one direction, aw4 theni^ 
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BO fieces»ty or object in computing any balance. But the through* 
^runk lines, especially those running east and west, find that their 
east'bound traflSc is 3 or 4 times their west-bound traffic. 

* As a single instance, from 1S75 to 1880, the ratio of the east- 
bound ton-mileage to the west-bound on the Penn^lvania railroad 
was more than 4i5 : 1 . The difference of elevation of the terminals 
has little or no importance in this case since it is so small com- 
pared, with the total length of the line, and since any possible effect 
which it might have had on the grade is utterly lust in the heavy 
grades in both directions when crossing the mountains. Admit- 
ting the justification of a variation in the ruling grade in oppotite 
directions so as to produce a virtual equality in tractive effort, it 
now becomes necessarj' to compute the theoretical balance. 

206. Coftq)utation of Theoretical Balance. In spite of the 
very evident disparity in the weight of the freight traffic in the 
two directions, there arc some equalizing factors, as will be shown: 

(1) The locomotive and passenger-car traffic in the two 
directions are equal. 

(2) The passenger traffic in the two dircictions will be equal. 
There is a slight exception to this when a road handles a consider- 
able number of emigrants, but the effect of this is absolutely 
insignificant, especially in view of the further fact tluit the ratio of 
dead load to live load is very high with passenger traffic. Con- 
sidering that even 50 passengers in a car, assumed to weigh 1.50 
pounds apiece, would only weigh 7500 pounds w'hich is but one- 
sixth of the 45,000 pounds which the car probably weighs, even a 
considerable variation in passeflger traffic each way would not 
affect the gross load materially. 

(3) Empty carajiave a greater resistance per ton than loaded 
cars. The differenramay amount to alnmt 4 pounds per ton. 
Therefore, although a train of loaded cars will require a greater 
gross tractive effort than an equal number of empty cars, the ratio 
will not be in proportion to. the gross tonnage. 

In spite of the best care and regulations on the part of 
-the J^mc dqwrtment, many freight cars will run in the direction 
cl Wk heaviest traffic dther empty or but partly loaded. 

tS) In g^ieral it is the frei^t wfaidh has the greatest bulk 

wei|^ such as grain, coal, lumber, ore, etc., which is 
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run from tin* rural districts toward the cities and numufacturing 
districts. « 

(0) The return traffic, which consists chiefly of manufactured 
products, and which is worth as much as tire other, wdighs but a 
small fracti(»n of the other. 

JHiistraiive Example. As a simple numerical illustration, 
assume that it has been determined that on a given east-and-wcst 
line the east-bound traffic is 3 times the we.st-boimd traffic. Utiliz- 
ing .some of the data already worked out in article 201, a.s.sume 
that tire ruling grade against east-bound traffic is 1 .12 per cent, disre- 
garding the pusher grade, and that, as computed, the hlikado engine 
can haul 1 6 loadisl cars (.'iO tons load, 20 tons tare) up this grade. This 
car loading may also ap]>ly to one tsTH* of box car. The live lt»ad on 
one train (east-bound) is 10Xo0 = S00 tons. One-third of this (for 
west-liound traffic) is 207 tons, and adding 10X20 = 320 for tare, 
we ha\c f>S7 tons as the weight of the rt'venue cars, w‘est-bound. 
The tractive resi^tJlncc on a level of these 16 cars is (2.2X587)+ 
(10x121.0) =3247 pounds. Adding 148 for the caboose and 1771 
for the locomotive, we liave 5106 as the total tractive resistance, 
and subtracting this from ^15,174 we have 30,008 pounds available 
for grade. I'he total train weight is 1.>7.5+.kS7+ 12 = 756.5 tons. 
Dividing this into 30,008 we have 39.0 pounds per ton, which is 
tlie equivalent of a 1.98-per-a*nt grade. On the 3:1 basis, the 
1 .9S-|ier-ceut grade against w’est-bound traffic corresponds to tiie 
1.12-p( r-ct'iit gra<lc against east-bound traffic. 

207. Estimation of Relative Traffic. The c.stimation of the 
it'lative volumes of traffic on a road yet to be constructed is 
usually a matter of sliecr guesswork, except as it might be inferred 
from existing mads W'hich are similar in character. But this prob- 
lem^ often forms one of the features of the plans for the improve-’ 
ment of existing lines and in such a case there is an abundance of 
existing data. Since it concerns only the ruling grades, it affects 
only those trains winch are affected by the rate of the ruling grade. 
It is unfortunately t^ that the fluctuations of traffic are sudi 
that a ratb w’hich ought have been perfect at the time of 
its computation may become consideraUy in emnr foe a kmg 
period of time, if not-fiermanmitly. A change in the devebp- 
ment^of the cotmtry aoay turn an agi|ealtiml reghm mto a 
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mitoiifacturSig region or the disco#ry of vast deposits of coal 
or ore may result in a con^derable and permanent diange in the 
fldw of traffic. 

^The Interstate Commerce Commission report for 1911-12 gives 
the following as the chief items of freight tonnage: 


Bituminous coal 
Ores 
Lumber 
Anthracite coal 

Stone, sand, and other hkc articIcN 
Grain 

Cement, bnek, and liino 
Coke 

aO other headings 


i>25 million tons 
l.tO niillioii tons 
1 25 million tons 
IP) fttillinn tons 
KU null ion tons 
71 inilhon tons 
b2 million tons 
hJ nullum tons 
5S0 million tons 


Total l.THi) million Ions 


It will readily be seen that the above items only include the heavy, 
bulky freight. Sueh an it(‘m of mumifaetun* ns agricultural imple* 
^ments only weighed 3,;i90,214 tons, and household goods and 
furniture but little more. These figures emphusi/c the statements 
made above regarding the relative weights of various class* of 
traffic. 

Perhaps the safest general rule is to sa.\ that opiHwite ruling 
grades should be made equal unless thi-re is a definite reason for 
makii^g them unequal. The reccmstruKaxi of the great trunk lines, 
on which so much money is now btang sin nt, invariably aims at a 
lower grade against cast-b*»und traflie than that allowed against the 
west-bound. The Canadian Pacific railroad had .scarcely been 
completed before there w’as a reconstruction with this end in view. 
While it is one of the mo.st uncertain eiementH to calculate, its 
justification umler certain conditions is unquestionable. 




a A UlLROAD COT^nBAlt TOmfGSTOWTI.I OHIO 

ly </ Watern WkttM Smprr Ci.,npany, .lanra, Itliwit 


EARTHWORK 


PART I 


INTRODUCTION 

Scope of Work. This article is dcieftncd to consider in detail 
the various kinds of machines employed in excavation and their 
uses in the coiistructi«)n of highways, railroads, reclamation projects, 
municipal improvements, etc*. Kach type of excavator is discu.s.sed 
in sufficient detail to give a ch'ar idea of its c'onstruction and field 
of work. The limitations and c«*st cd ojairation of each machine 
for different kinds of axeavation under average working conditions 
are briefly discussed. 

• This matter, in addition to its uses as a textb(M)k, is serviceable 
as a brief reference work for engiiu*ers, c«>ntructors, and others inter- 
ested in the design and con.strnction of earthwork. 

Fundamental Principle. Excavation or earthwork is one of 
the more important factors in nearly all classes of construclion 
work. The fundaraentjil principle of all earthwork is the most, 
efficient use of the bc;st machinery to sequte the most aatisfactory 
results, in the least time and at a minimum cost. 

Methods of Excavation. The prc»{)er method to use in any 
case depends upon several factors: magnitude of work, area over 
which work extends, nature of soil to* be reroovi*d, length of liaul, 
cost and availability of fuel, lub<»r, etc., location of work with 
reaf>ect to transportation facilities, etc. 

When the job is small, the cost of the installation of the earth- 
handling plant may be a lante proportion of the total cost of the 
work, and hence it is necessary to use an inei^nfflve equipment. 
On a large job, however, the cost of an extensive and expensive 
eqi^ment can be &^uted over a large amount of w'ork, and 
thus only aiighdy the unit cost. Where the eartliwork at 
any section is snadl but extends over a comnderable area, as in much 
hi^bpi^ and redfimation wwk, it is generally most efficiently deme 

• witli actapen. graders, or so^ form of small, portable excavator. 

m 



2 


EARTHWORK 


Where the work is of great extent at any section* such as^often 
obtains in tfie excavation of deep railroad cuts, large waterways, pr 
extensive pits, the usc of the larger t\|)es of dry-land and floating 
exea\ators affords more economical and efficient results. • 

The light, soft soils do not require any preliminary loosening 
and can be handled by any form of hand or iK)wer tool. DeiLse, 
hard soils must first be loose*ne<l by plowing or blasting, and the size 
and weight of the fractured material usually necessitates its removal 
by some form of jKiwer e\ca\ator. If the excavated material is to 
be removed to a considerable distance and iis(*d for embankments 
or other ft»rins of fill, some form of hauling device, such as wagons, 
trains of cars, or cableway should be used. Where the job is a long 
distiUK'e from a line of traus|M>rtatio!i, the difficsilty and wst of 
hauling and the .s<‘arcity and liigli c*ost of fuel, may require the use 
of small portable tv]M‘S of machinery. • 

It is evident that tlie conditions attending earthwork are so 
variable, and tliere are usually so many unforeseen circumstances 
which may affect the progress of a job, that it is impossible to lay 
down any fixctl rules or sp<*cify any definite methods. 

General Details of Hand Excavation. Unmning. When the 
earth is not to be excavated with the larger iH)wer machines and is 
very compact and hard, it must first be loosemed. lioain, sand, and 
soft clay can bo excav^atecl with the smalltT types of machines with- 
out prcliininury loos<*uing. 

Tlio tools and nictluMls to he used de{>end upon the magnitude 
and siiaiie of the work, the character of the soil, the depth of cut, 
etc. ITie tools used for kK)scniiig are the umttock, the pick, and the 
plow. 

The mattock is a long-handled tiH>l resembling a pickax, but 
having blades instead of points; the blades being set at right angles 
to other. This tool sliould be used for cleaving, and trimming 
the surface. The pick is made either with two points or with one 
point and a chisel-shaped end. Its use is adapted largely to very 
dense, hard soils such as cemented gravel, hardpan, and loose roek, 
and in restricted places such as narrow trenches, pts, and comers, 
which cannot be reached by the plow or power excavators. The 
amount which can be loq^ned by a laborer in a IQ-bouf day varies 
with tjbe skill and indu^ry of the man, the supervisioii, duuracterof ^ 
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thesoUt^vorking space, etc., but will average about 12 cubic j'ards 
•for hardpan and cemented gravel and 20 cubic yards for dense clay. 

The plow is the most generally used form of tool for loosening 
hdrd, compact soils and is made in several styles for different classes 
of work. The onlinary mold-lxMird type of plow usetl on the farm, 
is adaptable for general use in ordinary soils, but for very hard 
materials a heavy wedge-pointed plow, known as the pavement 
plow, ahould be used. A heavy pavenu'ut plow is shown in Fig. 1. 

A 2-horse plow with a driver will 1 (h>s(‘u about 400 cubic yards 
of average .soil per lO-hour day. If the material is a dense clay or 
gumbo, ^e daily output with a 4-horse team and thnee men will be 
from 150 to 2(X) cubic yards. If it is assumed that the labor cost 
for team and plow is 33.50, and for the plow holder is $1.50 per 10- 



Fig. 1 . TypirttI Hardpan or Plow 

Courtesy WtHrrn Wheeled Stroffer Cvmpfiw, Aurora, I/finois 


hour day, the cost of loosening loam and clay will be about 1| cents 
per cubic yard, and for den.s<*, hanl clay will be aliout 4 cents per 
cubic yard. * 

Hand Shoveling. Shovels are made with either round or 
oiuare-pointed blades and long or short wooden handles. The 
nMUKl<ix>inted shovel is more efficient in the removal of stiff, dense 
soils, and should be used with a short D-handlc. The long-handled, 
rouiid<^inted diovel is the more economical for average soils and 
should be used where the men are not cramped for working space. 
A hboRT con diovel loose material and elevate it into a wagon or 
iqionaidatfonnat the rate of from 15 cubic yards to 10 cubic yards 
per lOdiour day for elevations of from 3 feet to 6 feet, respectively. 
In stiff day or hard gravd, these quantities will be reduced to frmn 
ffcnbic yatdato 5 oubfo yards, re^iectivdy. 
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DRAG AND WHEEL SCRAPERS 

Drag Scraper. The drag, slip, or scoop scraper is a steel scoop 
or pan with a rounded back and curved bottom. The latter^ is 
either provided with runners or reinforced w'ith a thin steel plate, 

known as a “double bot> 
tom”. Wooden handlesare 
attached to either side near 
the rear of the pan and are 
used by the operator in 
loading and dumping it. A 
heavy bail with a swivel 
eye is used for attaching a 
team of horses. The fol- 
lowing tiibulation gives the 
<lescription and cost of the 
various sizes of ordinary 
drag serajK*rs. 



Kilt. 2. Dritff 8<Tft|Kjr 

Cvurtmy Whrrlut .SVrufur (^ompany, 

Aurora, JtlimnH 


Drag Scraper 


I)i m iitrtfox 


iCAPAriTT WriUHT 
(cu. U J (lb ) ^ 


With runnrrji 


95 

$4.50 

With runiierrt 


H5 

4.26 

With runiior.s 


75 

4.00 

With douhlr )>ott<om 


100 

5.00 

With (lonhh* l>ottoni 


90 

4.75 


The loading jKisition of a drag scraper is shown in Fig. 2. 

The material can be excavated directly with the scraper where 
the ^it is a loose loam, clay, or sand. For harder and more compact 
soils, the material must first be loosened by a plow. The acti^l 
rapacities (place measurement) of a scraper will average about one- 
half the rated capadtirs given in the tabulation. The pan is rarely 
filled and the material is loose. 

Drag scrapers are* efficient for haub up to 100 feet, and can be 
satisfactorily used up to 200-foot haub. A 2-horse team and scraper 
can move, in a 10-hour jpiorking day, the foildwing average quanti- 
ties q| loose materiaL 


MA 
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Drag Scraper Service 


tatcoTB or Hacl 
(U.) 

Oirrrrr i»*h Day 
(< ni. yd.) 

25 

70 

50 

00 

100 

50 

150 

40 

200 

ar> 


'rtie following cost of excavation is appr»>ximatcly correct under 
average w'orking conditions. The figures statisi include plowing, 
loading, hauling, dumping, spreading. sii)M>r\'ision, ami repairs. 

Cost of Excavation 


LffNCiTif or Havl (ft.) 

50 

](K) 

150 

200 

Character of Soil: 

AveraRo 

SU.U) 

$0.12 

$0.14 

$0.10 

Hard 

O.UI 

0.15 

0.17 

0.10 


Field of Veefulness, The tlrng scraix‘r has been used tiniver- 
sally in this country during the hist ijuurter of a century in tlie con- 
struction of roads, railroad embankments, and levees. In recent 
years its field of iLsefulness has la'cn extended to tint construction 
of broad, shallow canals ami diti'hcs, the cxcavatiun of foundations 
for various structures and of areas for r. servoirs, lairrow jiits, etc. 
The slip scraper is effident for hauls umhtr 2(M) feet and for work 
whose magnitude is #ipproximately less than oO.iXH) cubic yards. 

Fresno Scraper. The Fresno pr Buck scrai>er is a long, narrow 
pan mth a rounded back. It is esi>ecially adapted to the removal 
of a wide strip of soil in thin layers, and to spreading it out over a 
road grade or spoil bank. 'Hie following tabulation gives the 
various sizes, capacities, weights, and costs of a typiial make. 


Fresno Scraper 


No, 

.r . . - - 

CAFAfrmr 

ft.) 

Wkiout 
(lb) { 

C0«T 

, I 

t 

• 5 -Coot outtinft odRe 

IS 

310 

$27 00 

' 2 

! 4 -loot cutting edgf? 

14 

20f> 

25.50 


' siting edge 

12 ^ 

24s5 

22.50 


906 






6 


EARTHWORK 



The Fresno scraper is generally operated in grouifti of from 2 to 
10, with a driver for each scraper, and one man to load for the groi^>. 

The economical haul of thb type 
of scraper is about 300 feet. A 
4-horse team is ordinarily used 
and furnishes a sufficient load- 
ing power for ordinary soils. A 
view of the Fresno scraper in its 
loading position is shown in 
Fig. 3. 

Field of Ueefidnats. The 
Fresno scraper is most efficient in the construction of ditches and 
embunkments where the soil is ordinary loam, clay, or sand, and is 
free from large stones and stumps. For side-hill work this scraper 
is esi)ceially efficient in trnnsiK>rting earth, as it will often push 
ahead of itself a huge mas.s of hM)ac material. 

In the construction of ditche.s or canals in a sandy-clay soil 
under average working <-onditiuns, the Fresno scraper will remove 
50 to 1(H) cubic yanls with a haul of 70 to 150 feet, during a 10-hour 
working day, at a tost of from 8 cents to 10 Cents per cubic yard. 


Fi|c 3. “Wosteru" Typo of Frasno Semper 


\ . 



Fig. 4. Typical Wbeeled Sempar 
CourtBtp Wntern W/Uultd Scraper Company, Aunm, T0inii» 

Two- Wheel Scraper. The wheel scraper consists of a steel boat 
nmunted on a single pair of wlieels and equipped widi levn^ra for die 
nusiag, lowering, and duminng of the pan, while the team is in 
motiem. An automatirend gate is sometimes used fw the endonire 
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of tlie pan and to prevent loss of material on steep slopes, llie 
ffoUovdng tabulation gives the various aiises, capacities, weights, and 
oo%ts of a typical make. 


Two-Wheel Scraper 


No. 1 

1 

('ArAinr 

1 VtMl ft ) 

1 VrMUUl 

1 ui>) 

C’o»r 

1 

10 

1 

4 r>o 

%iri 00 

2 

13 

000 

f )2 50 


l.> 

700 

57 00 

3 

17 

HoO 

m (N) 


The loading position of a whwl scrni)cr is sliown in Fig. 4. 

The 2-whcel scraptT i.s an eflicicnt earth inov(>r for hauls up 
to 800 feet, and more efficient than the drag scTapT for hauls over 
200 feet. A 2-horse team and serajH'r can nntve, in a 10-hour work- 
ing day, the following average quantities of Imisc rnuteriul. 


T«o- Wheel Scraper Service 


LhNOTH or 
llAI I. 

at) 


1(K) 

200 

m) 

4(X) 


<M TIM 1 ru K 
I>A) 

(ru >d ) 


m 

♦sr 

10 

:io 


The following cost of excavation is approximately correct 
under average working (smditions. Tlio figun's stated in the tabu- 
lation include plowing, loading, hauling, dumping, sprt'ading, super- 
virion, and repairs. 

Coat of Excavation 


Lemow or Haul (ft ) 

100 1 

j 2(10 

000 

1 

400 

fiOO j 

000 ^ 700 

1 1 

800 

Cbaiaetar of Soil: 




1 


i 

1 

il 

Avente 

nnnii 


10.14 


$0 18 

10 20 JO 22 


Bard 

0.13 

HI 

0.17 

mi 

j ft 21 

0 23 iO 26 

m 


Fidi ef Ui^neu. The 2-wfaeel scraper has about the 
I aame tcopt as the drag soaper; bring Emited to shallow excavation 
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where the magnitude of the job does not exceed 50,000 mlbic 
yards. The efonomicai operation of the 2-wheel scraper is whWn . 
hauls of from 200 feet to 8(K) feet. 

Like its prototyi)e, the drag scraper, the w’heel scraper is most 
serviceable in the construction of small railroad embankments and 
levees, where the continual movement of the teams over the fill is a 
valuable factor in the compacting of the material. On short hauls 
of from 2(X) feet to 400 feet, where the soil is an average- loam, 
clay, or sand, and the cut is shallow, the 2-wheel scraper can be 
economically used on highway, railroad, and ditch construction, 
and in the excavation of cellars, reservoirs, pits, etc. 

Four-Wheel Scraper. This machine is made in two .sizes, with 
pan of {- and l-yard <'apacities. The pan of the scraper is hung by 
chains, on a stwd frame which is supported cm two 2-wheel trucks. 
The front W’heels are underliung so that short and sharp turns may 
be made. The pun in the loading |)osition has the cutting edge 
touching the surface. The pun is ofK'^rated by 4 levers, which arc 
ail within ea.sy reach of tiic driver or oix*rator who is seated just 
bidiind the remr truck, and on tlie right-hand side of the machine. 
The motive power is furnished by a team of horses. A snatch team 
of two or more animals, or a traction engine, is used in loading. 

The pan, when filled, fs automatically elevated by a sprocket 
chain while the macliine is in motion. The load is dumped through 
a lever-operated gate in the rear of the pan w'hile the scraper moves 
over the dump. Fig. 5 shows several 4-wheel drapers on the 
construction of reservoir embankments and irrigation canals. 

The 4-whcH;'l scra|M'r is almut 100 [kt cent more efficioit than 
the 2-wheel scraijcr for 2()0-fcK)t hauls, and this greater eflBciency 
incrca^s with the length of haul. It can be econonucally used for 
hai^ up to 20(K) feet. 

Field of V ttfidnesa. The 4-wheel scraper is well adapted to 
highway, railroad, and ditch construction, and in any shallow excava- 
tion where the quantity of material to be moved is less than 50,000 
cubic yards, and soil conditions do not require the use trf a power 
excavator. 

On hi|divay> railroad, and reclamation worit, where the cut 
varies from 1 foot to SJeet, and the haul is frenn 400 feet to 1000 
feet,^ to 10 scrapers, loaded by 1 traction can eomavale 
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from 500 to 8(X) cubic yards of clay and loam at an average cost of 
from 10 cents to 15 cents per cubic yard. 

GRADERS 

Two-Wheel Blade Grader. The simplest form of scraping 
grader is the 2-\vheel grader, which consists of a 2-wheel truck 
carrying an a<ljustsible blade. The blade is controlled by two 
levers, which are operated by the driver who is seated at the rear of 
the machine. The wheels are flanged to prevent lateral slipping of 
the machine on an inclined surface. The machine w^eighs 500 



Fi«. 0. Two*Whccl Grader 
Courtt^^U '•/ Bolfr Manu/aHurmg Company 


jtounds and costs $125, f. o. b. fucU)ry. A detailed view of a 
2-wh«‘l f;ra<ler is fti'cii in Fig. 6. 

Firld of Vnefiilnra.'i. The 2-whccl grader is especially adapted 
to the excavation of small road and drainage ditches. In soft soil, 
the ij\'erttge capacity of a macluue operated by 2 horses and a driver, 
is I mile of V-sha)>cd ditch, 24 inches deep, in a Khhour day. 

Four-Wheel Blade Grader. The ‘^wbeel grader coamts 
e.vKntially of an adjustable scraper blade, wUch is carried by a 
frame supported on 4 wheels. The blade is controlled by levers, or 
chains, and can be set at any angle with the direction ci draft, ta»ed 
or lotrered to any height or angle, and tilted to ibe front or leur. 
The tractive poa-er may.be horses or a traction eapne; the latter 
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bein^ nmre economical in stiff or hard soils. Hiie r^ axle is usually 
Inade telescoping, so that the frame of the machine may be shifted 
to either side. This allows one rear wheel to bear against the side 
of ditch w'hen making a cut. 

The ordinary 4-wheel road grader is made in various forms 



Fig. 7. Largi* Sijm* KumI (tttuior 
Courtesy «/ F. C. Aw^in Drainage Excavator Company, (’hirnyo 


and sizes. The following tabulation gives the sizes, w'cights, and 
costs of a typical make. 

Four-Wheel Blade Qraticr 


1>KIM NIIH'lftN 

JluAtri!. 

Wkm.ht 
! > 
i ! 

CVfHT 
(f . u. 1.. 


•K 

fwiory) 

Lighi 

iriin. X Oft. 

1400 


Btandaol 

1,'i it.. X 7 ft 

•27(H) 

22r, 

Larga 

irtiti. X 7 ft. 

um 

jrio 

V«ry largf 

18 in. X rj ft. 

OMK) 

;irio 


A large-size blade grader on roarl {‘onstnKlion is shown in 
Fig. 7. 

Redanation Qnuler- A scraping grader, which b especblty 
deagned for the ccmstruction of ditches b shown in Fig. 8. In this 
case, 2 graders, drawn by a traction engine, are being used in codrdi- 
natiost on road oonstmetion. This madune has a much greater 
latitiaie in t^ vertical adjustmmit of blade and in the late^ or 

•U 





12 


EARTHWORK 


oblique motion of the wheels of both trucks. The inclined wheeb 
allow for excavation on slopes and offer resistance to the lateral 
tlirust of the earth. This grader is hauled by 12 horses, or by k 
traction engine, weighs .'1800 pounds, and costs $750, f. o. b. faetpry. 

Mrthd of Ojieration, The 4-wheel blade grader is operated 
so as to excavate a continuous slice of earth from one side of a cut 
and move it laterally and gradually by making several trips or 
rounds of the machine. In road construction, the various steps are 



Fiji s. Sompinfc CSrador Enperinlly Di;HiKnnd for C'onHtructiiiK Ditrliea 

shown in Fig. 0. 'Hie grader starts at the side of the road with the 
blade elevated so that the ptiint will act as a plow. On the second 
nmnd, with the front and rear wheels in line, the blade b lowered 
and follows the furrow made on the first round. The third round b 
made with rear wheels near center of road and the blade more nearly 
horieontal and swung around so as to push the earth towards the 
center of the mad. The final round b made with tiie wheds in 
line and the blade nearly at right angles to the draft wod so hung ae 
to level off the mateild;: 
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•Field o/ UMifidnesg. Hie road grader can be used effidently in 
the construction of roads and ditches. The 2«wbeel grader is 
siutable for the grading up of roads and the excavation of snuill 
ditches where the soil is dry and not very hard. The 4rwheel 
grader is especially serviceable in road construction and the excava- 
tion of the upper sections of large ditches or canals. The type of 
4-wheel grader known os the ^'reclamation grader’* is especially 
adapted to side-hill work and the excavation of ditches. The ordi- 
nary blade grader of any type is not serviceable in the excavation of 
wet, soft, or very hard soils. 



Fig, 9. Diagram Showing Four Ktagtsn of Hood Coowt ruction 

The traction engine is the most economical and efBcient form of 
tractive power, and can be used to haul graders in pairs, thus effect- 
ing a considerable economy of time and labor, Hg. 8. 

Coit- ctf Operation, Tlie standard wze of 4-wheel -blade 
grader will ^uire the services of 5 horses, or of a tnu-tion engine, 
«nd of 2 men, at an operating cost of about $12 per day. In the 
excavation of ditches and the grading up of toa^, for loam and 
day, wiUi fight grades, the output will average about 1000 cubic 
yards or about 18,000 square yards of road surface oover^ during 
a KKbinir <ky. The average cost of road oMutmetion will vary 


m 





14 


EARTHWORK 


from cents to 2^ cents per cubic yard, depending on soil, ividth 
of road, si?.e of s(‘ra];>er, depth of cut, etc. 

Elevating Grader. The elevating grader consists of a frsme^ 



riff. 10, Kievating <Sni<ipr Mold-FW>ard Flow 
('oufie»}j of H'o/mi Whpttrd Scraper Company ^ Aurorat JUinoia 


supported on 2 pairs of wlicels. From tl»e frame is suspended a 
pl<»w and a transverse incliruHl frame, which carries a wide, traveling, 
endless belt. The plow may be either of the discVr mold-board 



FU|. 11. EkfvsiiiK Onder with Dtoo Plow 
Cowtaay of fPeiMm Wheaied Scrapar Company, Aurora, lUinoia 

type. The elevator frame is adjustable both as to lengtli and 
Utciiaation. The plow is adjustable on an independent frame and 
loosens tim stnl which Is ' ttught upon the htWer rad of dm ibdiBed 

aaA 
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di^vatcur. An elevating grader with a moldb-oard plow is shown in 
Fig. 10, and one equipped with a disc plow in Fig. 1 1 . The moving 
belt carries the material to the outer and upper eiul of the elevator, 
where it falls upon the sjMil bank or into wagons. The elevator 
side of a grader is shown in Fig. 1^. 

The elevating grader is genially made in 3 sizes, which are 
described in the following tabulation. 

* Elevating Qrader 


HlftK 

('UNVRVlVtl 

tlADIlTM 

Wkiuht 

(’liWT 

(f. 0, b. 
ructsiry) 


at ) 

ab.) 


10 to 18 

8000 

$ 950 

Stamlarcl 

15 to 21 

n4(M> 

KXX) 

Largi* 

IH to 30 

12(XK) 

14(X) 


The motive jMiwer is ordinarily furnished by 10 to 10 head of 
horses or mules, depending on the size of the machine and the char* 



Fir. 12. EKtvittur Hide of KlovatuiK Graclwr 
of WttUm Whirled Semptr Aurifta, lUinoio 

t 


acter of the soil. For large jobs and in hard .soib, the traction engine 
is the more economical form of tractive power. In the larger .sizes 
cS madiines, the elevating belt b often propelled by a 5- to 7*h. p. 
gasoUse ei^oe, mounted <m the rear of the frame. 

Cod Oration. The standard size of elevating grader will 
lequire 12 horses, or a 20-h. p. traction engine, 2 drivers, and an 
ependor, for its efl^ent operation. The capacity of tfaf machine, 
rWsAiat hi day, will average about 800 gxkk yards for a 10-hour 

9 » 
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working day. For a haul of about 300 feetj five l)«yard dump 
wa^ns will be necessary to keep one grader busy. The cost of 
operation will vary from 10 cents to 15 cents per cubic yard, depmul* 
ipg on s(hI and labor conditions, the kind of tractive pow^ used, 
method of disposal of excavated material, etc. ^ 

Fidd of U»ifulne»s. The elevating grader is a time-h<mored 
and efficient type of excavator in road construction. It is more 
economical than the blade grader as the excavated material b trans* 
ported in one operation by the former machine, as compared with 
several trips required of the latter. The blade grader, however, 
must be used to finish up the road surface behind the elevating 
grader. The bla<le grader must also be usi^i in the grading up of 
old roads, w'here the side ditches are narrow or deep. 

The soil conditions must be favorable fur the efficient operation 
of the elevating grader. Very loose and light si>ils cannot be raised 
by the plow, and wet, sticky soils work with great difficulty. The 
presence of n>ots, stura))s, boulders, and similar obstnulions in the 
soil render the oiwration of the grader very unsatisfactory. 

In recent years the elevating grader has betm used with con- 
siderable success in the West, in the excavation of large ditches and 
canals, especially on irrigation projects. This type of excavator 
cannot be used to advantage on a ditch havitig a bottom width of 
less than 10 feet. A large gra«ler excavating an irrigation canal b 
shown in Fig. 13. 

On railroad work, the grader is not well adapted to the making 
of cuts. Usually there is not sufficient room in a single-track cut 
for the operation of the grader with wagons, and unless the width 
of cut is 35 feet or over there is insufficient space for the wagons to 
pass the machine, and much of the excavated material has to be 
rduuidled. < 

POWER SHOVELS 

<!laasiflcation. Power shoveb may be ebssified as to the kind 
of ppwwr used. Formerly all shoveb were operated by steam power, 
but dtaing the last decade, with t^ univ^sd otui eoonomic^ use 
of electric power, the electric motor has in many cases replaced the 
steam ei|{^ os tlm prime mover in thwi^wndion. Asthesteam- 
opentod i^vd b thh most graendly used, that type wilt, be db- 
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cussed first. Power shovels may also be classified as to their con- 
struction and methc»d of operation as follows: 

( 1 ) Those Slaving the machinery mounted on a fixed jdatform, 
and the sphere of operation limited to an arc of about 200 degree 
about the head of the machine. 

(2) Tho.se having the machinery mounted on a revolving plat- 
form, and tlie sphere of operation a complete circle, the center of 
which is the middle of the machine. 

'ITie first class may In; divided into three types, according fo the 
manner of supporting the platform; (a) machines mounted on 
trucks of standard gage, used largely in railroad construction; (b) 
ma(‘hines mounted on trucks with wheels centered at other than 
stan<lurd gage, and ustsl in various classics of excavation ; (c) machines 
mounted on truck.s with small, broad-tin^l wheels, aixl use<I in rail- 
load, stretft, bastJinent, and other clas.ses of construction. 

The machines of tvjH? (a) are generally used f«»r railroad con- 
struction. A wooden or steel car ImhIv is supiM)rted on two 4-w’heel 
tnicks of stamlard make and gage. The crane, which is generally a 
structural-steel fniine, is s<» arranged that it can l)e lowered to pass 
under overhead bridges and through tunnels. 

The shovels of tyja* (h) were first built, and are still used on 
general coiLst ruction work. They are mounted on a wide wooden or 
stwl framework, or car body, w'hich is 8upi)orte<l on 4 small wheeJs 
of 7-foot or 8-foot gage. Great stability is thus given to the machine 
by placing it near the ground with a wide ba.se. This type of shovel 
can be readily dismantled and transported in' sections on cars, 
w'agons, (»r Ixmts, and is very serviceable for all claases of cartKwork 
(HI account of its ]H>rtability and adaptability. 

The three tyjws differ princiiNilly in their method of support, 
but otherwise are similar in their details of (^instruction and 
opemtion. 

FIXED-PLATFORM TYPES 

Arr an gement The general arrangement b amilar in all mokes 
of steam shovel. On the platform or car body b located the operat- 
ing machinery and power equipment; the boiler at the rear end, ^ 
engines near the center, and tlw A-frame and crane at the front end. 
Fig. 14. 
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Sizes of a Standard Steam Shovel 


20 


EARTHWORK 



S)qi|iing Wo^t 










































































EABTHWORK 


21 


*Car Body. The car body consists Of a rigid, structuial-stee) 
«lriuiK, adiich is often rrinforced mth durable wooden members t» 
assist ^ steel shapes in rerisring the severe twisting and aTendiing 
stiiins during operation. On the platform is placed a wooden or 
light steel frame, which is covered with a sheathing of wood or cor- 
rugated steel to form an enclosed car. Fig. 14. Near the front and 
on each side of the platform are placed jack braces. These are 
heavy cast-steel brackets, hinged to the platform and carrying screw 
jacks at their outer ends. During the operation of the shovel, these 
braces are placed at right angles to the car and prevent the tipping 
of the front end during the swinging of the crane from aide to side. 

Power Equipment. The power equipment generally consists of 
a boiler of the horizontal, locomotive t^q^e for the larger sizes, or a 
vertical, submerged-flue boiler for the smaller sizes of shovels, and 
reversible hoisting, swinging, and thrusting engines. The boiler is 
fed by a feed pump through an injector, and a working pressure of 
125 pounds is used. The older makes of shovel used 1 engine with 
3 drums on 1 shaft for the complete operation; but the newer 
O’pes are equipped with separate, horizontal, reversible, double- 
cylinder engines for each operation of hoisting, swinging, and thrust- 
ing. Chains or wire cables are wound around the drums and attached 
to the dipper handle and swinging circle and thus transmit the power 
for the operation of the shovel. 

In one well-known type of shovel the engines are mounted 
directly on the swinging circle and revolve with the crane. ITiis 
arrangement allows more room on the platform for the boiler, and 
affords direct transmisaon of powW in hoisting. A diagrammatic 
view of this type of shovel is show’n in Fig. 1.5. 

Table I gives the dimensions, weights, and different capacities 
of a standard q^^ke of steam shovel. 

The cost of a steam shovel varies from $120 to $105 per ton, 
the larger the shovel, the less the cost per ton; and tiie more the 
total the greater the weight per cubic yard of bucket, p 

Eteavatiog Equipmeot The excavating equipment is located 
at the front end of the car and consists of the boom or crane, dipper 
handle, and difqier. The crane is made in two sections between 
the diqi^ handle passes, and h geaaaAy in the form of *a 
j, t^jweta t a l i toel fitame. The bwer end of the bomn rests tm the 
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8wi|m^iig drde which is pivoted to the front end of the platform. 
Hie boom revolves with the swinging rircle. The upper and outer 
* end of the crane is connected to the top of the A*frame uith rods. 
ai|d has a sheave over which the hoisting cable passes on its course 
from hoisUng drum to dipjier handle. The latter carries the 
dipper at its lower end and moves through the crane and over a 
pinion which engages a toothed rack on its under side. The dipper 
handle is wtually a single tiinlier of hardwood, reinforced with steel 
plates 'or angles. The dipper is made in the form of a scoop with 
closed sides, open top, and a hinged and latched d(K>r at the bottom. 
It is made of heavy stet'l plates reinforced at top and l>ottc>m with 
steel bars. Tlie top or front edge is provided with a sharp, heavy- 
steel cutting edge, or manganese-steel t«*th. The bottom of the 
bucket is of heavy .steel, hinged to the rear side and closetl by a 
.spring latch on the front side. The o{H>rntion of the Ixittom door 
is controllcfl by a small line which leads from the «loor to the side of 
the lMM»m, where the cranesman stamls. Other tyjM's of bwkets or 
dippers may be used with the steam shovel, for various clasM s of 
excavation, but, as they are largely ustsl for dre<lging, their con- 
struction and use will lie dc.scrlbcil under the section on “Floating 
Excavators”. 

Method of Operation. A steam shovel of the first class is gen- 
erally operated by a crew of 7 men; an engineer, a cranesman, a 
fireman, and 4 laborers. The engineer and cranesman directly con- 
trol the movements of the machine. The fireman keeps the boiler 
supplied with fuel and water and .sees that the machinery is in good 
running order. The laborers are generally under the dired control 
of the cranesman and their duties cmisist in the breaking down of 
hi^ banks, asristing in the loading of the dipfx'r, leveling the surface 
in front of the machine, laying the new track, oiieraring the jack 
braces, and fd^ general service about the shovel. In rock excava- 
tion, from 2 to 6 extra laborers are required for breaking up the 
rock, mud-capping, etc. 

The engineer stands at the set of levers and brakes wluch are 
located in front of the machinery. The cranesman stands on a small 
{datform on the right side and near the lower end of the crane. The 
former contreds and directs the raiang and lowering of the (tipper, 
the swh^h^i the crane, and the traction of the whole machine. 
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The craneaman controls the operation the dif^r, and of the 
dipper handle, regulating the- depth of cut, releaang the dipper 
from the bank and emptying it into the car, wagon, or spoil hank. * 

The process of excavation commences adth the dipper haijdle 
nearly vertical and the dipper resting on the floor of the pit with the 
cutting edge directed toward the bank. The engineer then moves 
a lever thniwing the hoisting drum into gear and starting the engine. 
The revolution of the hoisting dnim winds up the hoisting line and 
pulls the dipper upward. Simultaneously, the cranesman starts the 
thrusting engine and moves the dipper handle forward as the dipper 
rises. These two motions must be made smoothly and codrdinately 
or the hoisting engine will be stalled and the whole machine tipped 
swldenly forward. When the shov'cl has reached the top of the cut 
or its highest practicable position, the engineer throws the hoisting 
drum out of gear and si'ts the frictitiu clut(>h with a foot brake, thus 
bringing the dipjK'r to a stop. Immediately, the cranesman releases 
his brake and slightly n*verses the thrusting engine which thus 
draws back the dipper handle and withdraws the dipper from the 
fac-e of the excavation. 

When the dipper digs clear of the excavation it is unnecessary 
to release it as described for the last motion. The engineer then 
starts the swinging engine into operation and moves the crane to 
the .side until the dipjKJr is over the dumping j)lac‘e. W’ith a foot 
brake he st'ts the fri<*tion clutch controlling the swinging drums 
and stops the sidewise motion of the crane. The cranesman then 
pulls tlie lat<’h rope, which ojicns the latch and allows th» door at 
the b«»ttom of the dipper to drop and to ndease the contents. The 
engineer then releases the friction clutch by the foot brakes and 
reverses the swinging engine, pulling the crane and dipper back to 
position for the next cut. As the boom is swung around, the 
en^neer gradually relea.s«*s thte friction clutch of the hoisting drum 
and allows the dipper to slowly drop toward the bottom of the cut. 
When near the point of commencing the new cut and as the dipper 
handle approaches a vertical position, the cranesman releases the 
friction clutch on the hoisting engine with his foot brake. Thus, 
as the last part of the drop is made by the dipper, it is also brought 
into proper position and ^e length of the dif^r arm regulated for 
the epmmencement of Hie :new cut. As the dipper drops into place* 



TABLE II 

Worfcins Limits of a Fixed-Platform Shovel 
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the bottom door closes and latches by its own weii^t. The time 
required to make a complete swing depends upon the charaet^ of. 
tlte material and the skill of the operator, but under ordinary con- 
ditions this should average between 20 and 40 seconds. ' « 
After the entire face of the cut has been removed within reach 
of the dipper, the shovel is moved ahead. When the shovel moves 
on a track, a new' section of track is laid ahead of the section on whidi 
the machine rests. The lalairers release the jack screws, of the 
hraws, and the engineer throws the proindling gear into place, starts 
the engine, and the shovel moves ahead .S to 5 feet. The jack braces 
are then set into jiositiun, the w'heels are blocked, and the shovel is 



Fix. Iti. Diucrntu tif LiiTiiiati«)n.4 u( Atlantic Hteam Shoveb 


ready for another cut. The maximum width of cut depends upon 
the size of shovel, length of crane, height of face, etc., and varies 
from 15 feet to 30 feet. Tlie shovel may cut on a level or slightly 
descending grade and by working back and forth on different levels 
ma^ excavate a cut of almost any deptli and width. 

The steam shovel of the fixed-platform class wiU excavate an}* 
material except solid rock, which must first be blasted down aid 
teoken up into pieces small enough for the dipper to handle. The 
excavated material m%y be dumped into and carried awray by: (1) 
dump wagons, hauled by teams or by traction engines; (2) dump 
ears holding from 1| to 6 cubic yards, drawn by horses or dmlcey 
locomotives over narrow-gage track; and (3) dump eus of huie 
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mut tnm 4 to 12 cuIhc yards, or gcmdola or flat cun, hauled by 
lat^gf^sized locomotives over standard-fage track. 

'Hie dimensions and working limitations of a well-known make 
o| steam shovel of this class are shown in Fig. 16 and Table II. 

The values for “Digging Radius at 8-foot Elevation”, given in 
Table II, are theoretical figures which are generally not realised in 
practice. It would be conser\*ativc to use values of from 60 per 
cent to 80 per cent of those given in the tjjhie for atlual working 
comlitions. 

The output of a steam shovel dept'nds on its size, the character 
of the material to be excavated, the eflicieucy of the crew, clitiwtic 
conditions, IcH'aUon of material with relation to the shovel, relation 
of shovel to ptiint of dumping, efficiency of w'agon or car service, 
etc. When working under fuv«)rablc ('onditions, the maximum 
working capacity of a shovel will average about ontvhalf of its 
theoretical capacity as rated by the mnnufa(‘t.un*rs. A shovel ts 
generally in adual ojx^ration alM>ut 40 )M>r iont of the working time. 
The remainder of the time is siwnt in waiting for (sirs or wagons, 
and delays for rei>airs, coaling, watering, oiling, etc?. The log of 
efficient shovel opc'ration under favorable; working conditions would 
be about as follows: 


Opkhation 

Timk 

(|MT WlJt) 

Moving fihovcl 

10 

Broiikiiijc up rock, iniu'kiii|;, 

10 

W nit ing fur mra or wfigonti 

15 

Kopuitii 

5 

Actual loading 

«K) 

Total 

HH) 


Table III gives the actual output of about fifty shovels', which 
were in actual operation for several wrecks. These records were 
collected by Mr. R. T. Dana, of the Construction Service Company 
of New York. 

Cost of Operation. The cost of operation of a steam shovel 
depends upon tiie class of work, the kind of material to be excavated, 
the mze and effidency of the machine, the pecuUar conditions affect* 
ing eadi job, the facilities for removing the materisl, etc. 

/fliafmtiw E3um§ie. The type of shovd in graersl use for 
heavy excavatkm u a 70* or 80*ton machine eqmfqied witha2|>yaid 

m 
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d^per. In making a cut for a railroad or large canal, or in opening 
up a gravel pit, mine, or quarr>% the shovel ordinarily makes a through 
cut and then returns on a parallel cut, dumping into wagons or cars 
which move along the previous grade at a higher level. A typicd 



arrangement would l>e as shown in Fig. 17. ruder such conditions 
the cost of o]KTati<in of a 2J-yard steam shovel in the excavation 
of clay and gravel, for a lO-hour day, would lie as follows: 


Cost of Excavating Clay and Gravel 


Labor: 

1 engin<H«i $5 (XI 

1 cratuxmiati 8 50 

1 fireman 2 50 

i \\at<'hnian, aV) month 1 00 

4 intiiien, (<i‘ $1 75 ea<‘li 7 00 

1 learn and dnv<*r (luiuling roal, waler, efc ) 8 50 

Total labor, per day $22 50 

Fiud an4 Supph4\‘ 

2 1 tons of cofil, (fi, a4 (X) $10 (X) 

Oil, and wasto 1 50 

Water 50 

Total fuel cost, etr. ^ $12 00 

General atid Overhead Expenure: 

Kci^ni $5.(X) 

IncidentaJ exiH^nsr^s 2 (X) 

Dep^iatiori (5' ^ of $12, (XX))* 8 CX) 

Int43n»t (6% of $12,000)* H (M) 

Total general cunt $13 30 

Total Coat of Operation per lO-hour Day $4S, lo 

Average Daily Excavation ^ou. yd ) 1600 


VaiiCocitof Bacavating day and gravest percu.yd.,$48.104*1600«* 00 08 

The same steam shovel used in the excavation of a stiff clay or 
shale would probably require the services of 2 extra laborers at 


«a A ao-yair life lad SCO woduiiic dart per yaar. 
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fl.75 per day each. The average daily excavataim would be 1000 
cubic yards, and the cost of operation would be about 30.03 per 
cubic yard. 

F«)r the cjxcavation of rock which requires blasting, the ad£> 
tional labor and expense would be as follows: 


Additional Coat of Excavating Rock 

/Mhitr: 

4 pilrnriip («; $1.75 each $7.00 

2 laborrrMp $1.50 each 3.00 


$10.00 

Fml: 

1 tmi of coal, $1.00 $4.00 

Mnltritils: 

Dynainitt*, capn, fus€^ powder^ He. $l 50 


Total Additional Co«t of K.xfravatinK ro<*k 


$15.50 


'I'otal CoHt of ()|M*ratinft Shovtd in Solid Ro<‘k per lO-hour Day $03.60 

AvoraKc Daily Excavation (cu. yfl.) 900 

I'nit Cost of OfMTUtion, jmt cu. yd., $6ili.00-r900=“ 00.07 

The alxive statement dcH's not include tlie cost of traiuporting 
the shovel to and fnjin the jol), the cost of living and camp expenses, 
or office and other fixed charges. 



, Fi«. la. Buqtim Shovif] FlUiac Dump Cata with Clay 

Hie cost of the disposal of the excavated matoial vuries frooi ' 
nothkig when die material is dumped iqxHi the tndea of the excairan ' 
tkm (hij^way or cuialll^SSitstriKti^ on a mte 1^) to 15 or 2(1 o^i 
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Hg. 19. Sieftm ;?bovcl^ Loading Dump Cafs in Quany 
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per cubic > anl when the material must be hauled for a long distmioe 
and .spn‘U(l. The disimsal consists of two operations: the hauling; 
and tlic dumping. The cost of hauling depends on the type of" 
couvejnnce us«*(l, numlwr «)f cars in train, length of haul, etc. The 
cost \nries from 3 to 1 2 wnts per cubic j ard. The cost of dumping 
\aries from J tent iht cubic jartl for wagons to 1 J cents per cubic 
jard for tars. Fig. 18 shows a sho\cl loading a train of side-dump 
cars witli clay. Fig. 10 sht>ws a large size steam shovel loading a 
train of box cars w ith limestone in a cement quarry. 


REVOLVINQ-PLATFORM TYPES 

Arrangement, There arc .sescral makes of tevolving shoscl 
which are alike in general arrangement and construction. The 



I ig JO 1 \iMi* 1 Thf M >unt(d upon Car Vk hwU 

( 4 /rf< %tf of 7 hi* 7*h< tc /lu/unu fut Compnny, Loratn Ohio 

essential fcattm's of the rcv'oKing .shovel are a lower or truck plat- 
form and an upper or revolving platform on which are located the 
operating and c\ca\ ating equipments. A tjqucal make of revolving 
sho\cl is shown in Fig. 20. 

Platforms. The lower or truck platform fk composed ci a 
rectangular structural-steel framework wbiqh is strongly braced and 
riveted. This platforpi rests on 2 steel axles, the front one pivoted 
and the rear one in positiem. On the rear axle is located a 
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flprocket wheel, whidi is dudn-connected to the engine and thus 
provides for the traction of tlie machine umier its oaTi power. The 
turning of the front axle governs the direction of the tractive move- 
ment of the shovel. The wheels may be either wndc-lired wood or 





Fig. 21 Dctailnof Tlirw IlrtHfini? Knirine — Ifnriiontal DouMci 
Revcniing Type 


steel, or flanged railroad wheels when the shovel is to oixrratc on a 
track. Upon the top of the platform is •<*iit<’<l a large casting which 
comprises a circular gear, the ndlor track and the central jouriud 
or gudgeon, which sup|>orts the u]>{)cr platform and works. 

The upper or rcvolx-ing frame carries the mnehiiuTy and lower 
end of boom and corresimnds to the car bmly of the fixcti-platform 
class of diovel. This platform is a rigid framework of structural- 
steel members which are strongly braced and riveted. A heavy cast- 
steel socket is located on tlie lower side of the platform and rests on 
die journal of the lower frame. The whole oiH*rating mechanism 
can revoK’e in a complete circle about the stationary lower frame. 

Power Equipment. The power equipment of a revolving steam 
shovel oenudsts of a vertical boiler and independent engines for 
hoisting, swinging, and thrusting. 

The boiler is of the vertical, submerged multi-tubular type, and 
made te operate under a working pre.ssure of from ](K) pounds to 
125 poitndsj 'Hie boiler feed consists of an ejector and a pump. 
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which cun supf)l>* water to the boiler while the shovel is in operation. 
The boiler is loratc<l on the rear cmi of the iipi^er platform. 

'riic enpnes are all doiibItM'yli ruler, horizontal, and reversible. ' 
'rile swin^in^ au<l lioi-%lin;' en^jines are located in front of the boiler 
near the fnint f*ini of the iip[)cr platform. The thrusting engine is 
liwated on the upper side of the <Taiie or bmnn. The hoisting drum 
is controlh'd by a friction liaiid which is o}H*rated by a f<H)t lever. 
Kig. lil >hows tlic swinging and hoisting engines of a well-kno^^m 
make of revobing shovel. The thrusting engine in s<*veral makes 
is of the double, horizontal, reversible ty|Ki which is useil on shovels 
(d the lixcd-platforru class. One make, the Thew Autonmtie Shovel, 
uses a very nni(|Ue and cllicii^nt method of thrusting or crow'ding 
the dipper. \ carriage or trolley to which is hingt'd the upiH'r end 
of the tlipper arm, inov< s horizontally along a trac k. As the carriagt* 
moves forward, the renter of rotation of tlie dipiuT is changed and 
jirodnccs a prying action. The cTowding inotitai is always in a 
horizontal din*etion. 'Hie inoxement of the carriage is coiitroIItHl 
by the (Taiw*sinau, who opcTatc's the throttle lever of the crow'ding 
engine*. 'Hie throttle is also eoiincc*(ed to a ‘‘trip”, w'hich auto- 
matically shuts olf the steam when the carriage reaches either end 
of the* irackwav , Kig. JO. 

(JasoHiu* power c an be UM*d to great e<*onomic advantage when 
coal is higli in pric e' and inacrrssiblc. The prime mover is then a 
gasc»line engine which is mounted cm the rear of the platform and 
belt-c’onnec'ted to the operating miits. 

Tin* platform is jirovided with a housing of wood or cor- 

rugated stc'el for the em losure and protection of tlie machinery. 

I:\cavating Equipment. Tlu* crane or bcaun is a structural 
frame of steel, or of steel and wcual. The lower end is hinged to the 
turntable and the upper end is supfwrted by guy riHls which extend 
to the rt*ar corners of the upiior frame. The boom is made in two 
scH'tioiis and sc> arrangc'd tliat the dipfior handle may move between 
them. Tpem the up|H*r side of the hcKiin is located the thrusting 
met'hanism. 

The dip|H*r handU* ts of stwl, or hardwood reinforced with steel 
plates. Thi' lower end of the handle is attached to the dipper. 

the under side of the handle is the steel-toothed rack which 
engages the pinion of the shipper shaft, which is the gear-operatit^ 
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mechanism of the thrusting engine. In the Hiew sliovel, the di]>per 
handle is made of steel and in two sections; the lower member tele* 
» scopes into the upper section, and the two may be clamped in any 
position. 

The dipper is usually constructc*! of steel plates and f<»ripngs. 
The cutting edge is usually made of manganese st<*el and for hard 
wnls is providetl with tot)l-st<H*l t<*cth which can be removed and 
replaced when worn out or broken. 

Method of Operation. A revolving steam .shovel is gimerally 
operateil by a <tpw of to nun; an engiiiwr, a fireman, aii<l 1 to 
8 laborers. The eugiiietT cnintrols the opcnitinn of the machine. 
The fireman feeds the Iwtiler with fuel and whUt and ke<!p8 the 
machinery oiled and greastsl. The laborers haul coal, assist in tlxe 
loading of the shovel in hanl material, bn'ak down the bank, plank 
tlie fl»K»r of thrf ex»*avatit>n for the .supiM>rt of the shovel, etc. The 
enginwr stands at the sx-t of lex t'rs atul brakes which are locaUxl 
near the frtmt end of the up]HT jdatforiii. The mctlxMl of o|H*ration 
of this type <»f shovel is similar tc» that of the fixed-platfi>rm «‘lass, 
and the student is refernsl to tlie detailed tlescriptiou giveh luider 
tliut st“<*tion. Note, howexer, that in tlie ease of the rex’olving 
shovel, there is no oranesiuan, ami tlie engiiu'er diri;ctly controls 
the three oiierutiiig motions of hoisting, .swinging, and thrnsting. 

The revolving shovel will excavate any class of inutcrial, exerpt 
solid itK'k, wdilch must first !>e blasted ido.vn and l>n»ken into pieces 
of a size which can be handled by the dip]MT. 'I’hc excavatwl 
material may be dumped into .s[>oii banks along the side of the 
excavation, or into wagons hatdcd,by horses r»r traction engines, or 
into dump ears hauled by dinkey Imsimotivcs tiver a narrow*gage 
track. 

The dimensions and working limitations of an efficient make of 
revolving ateam shovel of the rcvolving-plat form class arc given in 
Fig. 22. In column 1 of the table Uic class numbers correspond 
to dipper capadties of S, li or 1|, | or 1 (for shale excavation), 
and 1} culnc yards, respectively. 

Hie actual working capacities of revolving shovels depend 
upon the nature of the material, depth of cut, efficiency of liauling 
eqnipmmit, efficiency of enpneer, size, capadty, and efficiency of 
shovdi, etc.^ In ordinary ciay, under average working conditions, 
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A cut of bom 5 feet to 10 feet, the output for a 10-hour day 
^uld average from about 500 cubic yards, for a l-tnibic yard 
* maddne, to 1000 cubic yards for a l|-cubic yard machine. 

OPERATING COSTS OF POWER SHOVELS 

Revolving Shovels. The revolving shovel is one of the most 
satisfactory and efficient machines for the ex<'avation of dry snii.s 
when the required output d«)es not excetKi alxiut 1000 cubi<! yawls 
per day. For light earthwork, where the excavation is widely «!is- 
tributed over a wide area or within narrow boundaries for lung 


tj/tiw/ 3*rrtt 



distances, this type of shovel is much more e(s>nomical than its 
larger and heavier prototypes of the fixed-platform class. This 
cluuacter of work comprises allotment grading, highway and streirt 
grading, ridlroad construction, cellar and reservoir excavation, .sewer 
trcndi.work, reclamation projects, stripping of quarries, of)emtion 
of gravel jwts, brick yards, etc. 

The sire of revolving shovd in general use is the f-yard dipper 
Bttdbine equipped with traction wheels. The dmvel' be^ns at the 
surface and wcaks its way down on an easy abpe to the final grade. 


997 


38 


EARTHWORK 


Tlien the path of the shovel may be varied to suit the requirements 
of the job, hut usually it assumes the form of a series of parallel lines. 
At the completion of the work the shovel can pull itself up a tem- 
porary incline by means of a cable attached to a *'deadman*^ pr 
anchorage locatetl in the original surface above. The path of a 
rt'volving shovel in excavating a cellar for a large reinforcedneron- 
crete building is shown in Fig. 23, 

Illustmtive Example, The following example is a typical case 
of the UM? of a revolving shovel in quarry, gravel pit, or similar work, 
where the inagnitiide of the excavation warrants the installation of 
a transportation ecpiipinent of track and trains of dump cars. The 
vshovcl is a J-cubic yard dipper ina(*hine mountnl on broad-tired 
wheels whicli move (>ver heavy ])hinkiiig. The material is a glacial 
clay fairly free from ro< k and boulders and varying in depth from 
nothing to i\ feet. The material is dum{)e<i into ()H*ubic yard side- 
ilump cars which are baulc<l by a dinkey engine in trains of 4 cars 
ea(‘h. The f4)llo\ving cost M bedule is bascil on a lO-bour wwkiug 
day. 


Cost of Operating a Revolving Shovel 


lAihut: 

\ ciigiiiror S^i.no 

1 iin*iiiiin 2.r)l) 

I Inlxirer 2 00 

Tolttl li»V)or rost, Oay SS.riO 

Fud ntul Suppluj*: 

) ton coul, (it $4,00 $2.00 

1 gal. rylinOor oil, 4tH’ .07 

I'o gallon engine oil, (ih at to ,04 

Waste, packing, etc. .19 

Totjil of fu<‘l :in<l sopplitw $2.30 

Gtncrai tvui (h'irhtad Chnnjrii: 

l)t'pn*<*ialion on 2t>-yvTar life) $0.70 

lnU»reat, .84 

Kepairs, and incidentals 1 .00< 


Total tixi^t charges 


$2 54 


Totol Cost, for 10-hour Day $13.34 

Average Daily Output (cu. yd.) 300 

Itmt Cost of RevolvinitiSiMavQl Opcmiioii, per ou. yd., 

^$13.34^300 -I OO.OIS 


m 
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• In cellar and resen’oir excavation, wltexe tiie average cut would 
be 10 feet and the materia! loam, clay, and sand, the daily outpnt 
might be increased to a daily average of 500 cubic yards by the use 
of sufficient ears or dump wagons to k€>ep the shovel busy during 
60 to 70 per cent of its working time. This w'ould make the average 
operating c(*3t about '1 rents jM*r cubic yard. 

In strwt gradings. wImtc tl>e material is deiisi^ and compacted 
by traffic and the cut shallow or an nveragi? of 1 bK>t, the mnditious 
of sum'ssful o|M*ration wotild Ih‘ more difficult than usual. If the 
shovel were proi)erly supplied with JJ-cubic yanl dump wagons, 
and efficiently operates!, the averagti output for a 10-hour day 
should be 2.)0 <‘ul)ic yanls. This output wouhl incur an ojM’rating 
cost of alanit S I'cnts jwr cubic yjird. 

Electrically Operated Shovels. Where electric power is avail- 
able iu iargii <|uuutitics and at a low cost, n*c(>nt exiH*ri«*nc«? has 
shown the economy of this ty|H' of iK>wcr for the ojM'rution of jKiwcr 
slmvels. 

Adtmntage* iif FJetirie Power. Where electric power is inex- 
jjenwve, the cost of o}M'ration of an electric •hovel is less than that 
td a steam shovel; with electric fjower at iviits p<T kilowatt hour, 
the cost of ojM'ration is ulsnit one-half that of steam-jwwcr ituubincs. 
Vrider favorable supply (suiditiniis, the um* of electric iM>wer is desir- 
able and economical for the following rea ous: ( 1 ) less lalxir n'cpiired 
for operation; climinutes the fin^man and the shovel Incomes a <me- 
man machine; (2) eliminates the hauling and expense of coal and 
water; (.1) greater economy of jM)wer; us |s>wer is ustxi only w'hen 
operating, and steam must Ih.* k«*pt up continuously in case (»f the 
steam shovel; (4) operation is <juieter, steadier, and (piieker than that 
of the steam shovel; (.'i) eliminates the diMsunfort of freezing pi|>es 
in ct»ld weather and of lajiler temperature in lu>t weather; an<l (6) 
etiminates the trouble of banking fires at night and the delay in 
getting up steam at the <x)minencx*roeiit of work. 

Elecirical EqvipmetU, The prime mover is the ele<.lric motor 
winch may be operated by either direct dr altemating-<uuTeiit 
service. Tlie wound-r«»tor tyjw of motor is used for direct-<'urrent 
service and tiie compimnd-wound motor for alternating-current 
serrioe. The x’arioua siises of iiK*ton for the; various capacities of 
ahovda are given in Table IV. 
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TABLE IV 

Sizes of Motors for Varitfus Shovel -Capacities 


Wf.ifjHr OF 
SltOVKI.. 

8f2F OK 

PowKH OF Motors 


(tons) 

ytl.) 

KoiNt 
fh. p.) 

Swinfc 
(h. p ) 

Tlinist 
(h. p.) 

no 

1 

.50 

no 

30 

nr) 

11 

SO 

no 

30 

nr) i 

11 

60 

130 

30 

:i5 ! 

u ! 

7.5 

35 

35 

42 1 

i ^1 

7.5 

1 30 

30 

fifi 1 

! 2 

100 

I 35 

35 

or) 


! 1.50 1 

1 50 

50 

KM) 

4 

200 

so 

SO 


The hoist anti swiii^ motors are mounted l)ehind their respective 
enRines and are geared to them through reducing giairs. The thnist 
motor is tnounUMl on the upiKT sitie nf the boom, and geareil to the 
pinions throngii projK'r reducing gears. , 

Shovel service is particularly severe on electric equipment on 
account of the liigh i)ower at low sjH*ed and the quick .starting, 
sto]>piug, ami reversing of the machinery. The sudden .stopping of 
the dipper in the hank, due to cutting too deep, or striking an obstnu*- 
tion, or the sudden stopping of the lM>om in the act of swinging to 
one .side, tends to .stall the motor and burn it out. The use of auto- 
matic magnetic controllers and magnet switches has resulted in the 
elHcient control and protection of the motor against such overloads. 

()n revolving shovels, a single-motor drive has been found to 
lie the more satisfactory on account of the eranomy in initial cost 
and the simplicity and fle.xibility of operation. 

The current is taken from trolley wires, or a transformer on a 
high-power line, and is received through the truck by wire cables. 
In the case of revolving shovels the current is transmitted to the 
motor above timiugh copper rings on the truck frame and carbon 
brushes suspendt'd from the rotating turntable. 

Fkld of Vs(fulneit9. The electric-power shovel is eq)edaUy 
adapted for underground service in mines and tunnels, for plant 
service in the bandlirtg of ores, coal, fertilizers, etc., for excavation 
iu large cities, for electric street-ndlway construction, and for Injck 
yards, gravel pits, etc. Probably the best field of service for the 
electric-power shovel at the present time b the use d!- tlw ebetri- 
cally operated revolvingliiovel iu the construction oi dty and inter- 
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urban electric lines. Tbe track trenching usually requite^ the 
Shallow excavation of dense, hard material to a uniform grade, and 
the revolving shovel is the most efiident excavator for tlii^ class of 
work. An electrically operated revolving .shovel is sliowii in Kg. 24. 

Efficiency and Economy of Power Shovels. The steam shovel 
is one of the most universally serviceable and efficient of modem 
excavators. When the soil is sufficiently dry and firm to support 



Ki*. 24. Elect ricAlly Opf;rot«*(l IWcr 

C0urt€»y of WotiinghouMt Eieetru: and Manufatiuring Companu, PiUidmrgh^ Penn^ffltania 


Its weight and the work is of sufficient magnitude to warrant its 
use, it can be used economically for all classes of earthwork. Hand 
sbovding has been almost entirely superseded by power-machine 
rimveling on work where the amount of work will justify the cost 
installation of tiie plant. The relative economy of the two 
naetbods nmy be determined appronmately estimating the cost 
pef cut^^-ard by hand Igbrnr and the same cost by power maclune, 

Ul 
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including iu tlie total cost by the latter method the items of plant 
installation, depreciation, interest, and repairs. 

A comparisr)n can be made for the excavation of ordinary’ soil 
of loam, clay, and sand, under average working conditions, between 
pow(T-shovel and hand lalK)r. This disc*ussion cannot be exact as 
there are many indt^terminate and variable conditions of soil, labor 
efficiency, ete., wliieli will affect the results for the peculiar ccmdi- 
tions of each case. However, the student is urged to study the 
method of analysis, as it (‘an easily Ihj applied to the invTstigation 
of other methods and of other types of machinery. 

lUuMmtive E,m)ni)le. Ix^t us assume a loam and clay s(»il with 
few bouhhTs or obstructions; the hauling to be done by 2-yard dump 
wagons of suffi(‘ient iiuiiiber to kwp the liand shovelers or power 
sliovel busy; the cut to average S feet, and runways to In; arranged 
for tlic incoming and outgoing teams; the material first to be l(K>scmed 
in the case of han<l shoveling. 

Cost of Shoveling by Hand 

Lmm'nintf: 


1 j»low town, witli <lrivor iiinl plow IioUIit; 

Totun, plow, luul drivtT Sli oO 

Plow holdor I oO 


'rotal Uil>or cost , iht day $;> . (x> 

rh'piiirH, dcpn^'iiition, otc. 1 t'O 

'fotal Cost of f.ooN<niiiig 

Total Amount of lAKiscnt'<i Material {cu. yd.) 4(K) 

Vnit Cost of 1.<KiHcning Matcriul, per cu. yd., St>.00-5-400^ 


sa.oo 


00.015 


iShorcluii/ «w/ LiHuUmj: 

One man can shovel and lua<l alKHit 20 cubic yards per 10-hour day. 
Hcnc<‘ tlu» plow should loos«'n enough matevitd to keep 20 men busy. Load- 
ing dump wagons, these men can work efticiently in 4 gnmps of 5 men each. 
Ktich group of .5 men can load on an average 6 wagons j»cr hoiu* or 50 wagons 
fMT lO-hoiu* day, allowing for tlclays. 

1 foreman $ 3 00 

20 laborc*rs, @ $1.50 oa<*h 30.00 


Total laW wst, per day $33.00 

llcpairs, incidentals, etc. J .00 

1'otal Cost of Shoveling ahil Loading 

T4>tal Amount of Kartb Kandkxl (cu/yd.) 400 

Unit Cost of Shoveling and Loadii^ per cu. yd., $34,004-400 » 

Total Cost of Hand Shoveling 400 cubic yards 

Unit Cost of Hand Sljbiveling, per cu. yd., $40.00Hh400» 


$34.00 


00.Q05 

40.<f0 

00.10 



EARTHWORK 


43 


, Assume also a revolving steam shovel equipi>ed wth a J^yard 
dipper and operated by an engineer, fireman, and 2 pitmen. With 
good wagon service, the average output will be r>(K) cubic yards per 
labour day. The shovel will load on an average 30 w^agons per hour* 


Cost of Power Shoveling 

Labor: 


1 enginof'T 



1 llroniau 

2.50 


2 pitmen, @ $1 ..50 nirh 

.T(M) 


Total labor cost, p<‘r clay 


$10.50 

Fwl arid Supplies: 

i ton coal, (« $4.U) 

$.'{ m 


Oil and Kupplic'.s 

l.(H) 


Total fuel and mipplics 



(rtnvral and (hurhend Chnrtjes: 

l)f‘]jn'cia1 ion* 

$1 (X) 


Inicrcvsl t 

1 , 2t» 


Hc«pairs and Int'idcttiala 

1 so 


Total fixw! charge 


$( (N> 

Total Cost of Operation pcT 10-liour l)ji> 

SIK.MV 

Average Daily Output (cu. yd.^ 


.•.tX) 

Unit. eVirtt of Power Shovel 0|a'ration, per <u. yl 


$18., 50+500== 


(W.037 

The above data slmw that tlie « 

ciipot is incn*ascd by 25 f>er 

t'ent at a reduction in cost of 05 jkt 

( ot by thc‘ 

tise of the steam 


shovel* The average loading time by fiaiul shoveling was assuuuHl 
as 10 minutes and for the steam shovel as 2 inimites. This means 
a saving of about 4 minutes i>erxubic van! by the c>f the steam 
shovel* 

If the teams are paid at the? ral<? of 50 cents ]h*t bf>ur for a 
10-hour day, the economy in the value of the team time saved, 
for different shovel outputs, will l)e as follows: 


Economy in Team Cost 


800 cu. y<L per lO-hr. day, at SJ min. tXK) min. 

400 CU. yd. per K^hr. day, at 3}: niia. 1200 min. 

500 cu. yd. per 10-hr. day, at min. IfiOO min. 

600 cu. yd. per lO^br. day, at sj rnin. 1H(X) min. 

* Based on 6 psr eent and SK>*year life, 
t Bnisd oaC per oeni end 2(K>ear life. 
t Veto of 8 odsttiM ie luad m betog ooruKinrnitve. 


or 15 bi'H. % 50c $7.50 
or 20 hrs. 50c 10. <K) 

or 25 hrs. 50c 12.50 

or 30 lirs. 50c 15.00 


848 
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Thus it will be noted that the saving in team time per lO-hour 
day, on the basis of an efficient shovel operation of 600 cubic yards, 
is nearly enough to pay for the oiierating cost of tKe shovel. Hence 
it is likewise true that the economy resulting from the efficient use 
of a power shovel is often equal to the entire cost of shoveling and 
loading by hand methcnls. if the job comprised the removal of 
4r),(XX) cubic yards an<l hand shoveling cost 10 cents per cubic yard, 
the use of a steam n- voicing shovel would effect a saving sufficient 
to pay for the cost of the machine. 

DREDGES 

DRY-LAND EXCAVATORS 

Preliminary Discussion. Tlie steam shovel is not w'ell adapted 
to earthwork oia'rations on wet «»r soft soils on account of tlie con- 
(‘entration of the heavy load of the machine and loadwl dipper over 
a long, narrow area. The cnine or boom of the power shovel is 
short, of heavy constructitm, ami prodiu-es great pnjssure over a 
small area of base. lienee, for the excavation of soft and w’et .soils, 
especially on rt'clamation projects, it Iwcame neemsary to dtevise a 
machine, .similar in «-onstruction and operation to the power .shovel, 
but with the load distributed over a wide bast* and with a long boom 
for the direct n’ltjovnl of the excavated material to spoil banks 
adjatvut to the excavation. Thus was devcl(»iH*d the dredge. 

Classification. Dredges may be divided into two different 
classes : dry-land excavators, aiul floating excavators. The different 
types of dry-land excavators will l)e considered in this secdop and 
the different tj’pes of floating excavators in the following section. 

Dry-land excavators arc those w’hich move over and operate 
from tlie surface of the land. They may be classified as to their 
construction and method of operation as follows: scraper excavators, 
templet excavators, whe«'l excavators, tower excavators, and walk- 
ing excavators. S<'raper excavators may be sultdivided into 
two general (ias.se3, as to their method of operation: the stationary 
dredge aith pivoted biK>m, and the revolving dredge or excavator. 

STATIONARY SCRAPER EXCAVATOR 
, During the past decade, the reclamation of thousands of acrM 
ot wet land in the Middle West and South, has required the omk* 
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stniction of <ir«nage ditdies. for this worit the stat^nary dredge, 
a light pwtaUe t jiie of excavator, has been de»gnea particularly 
for the economical excavation of tlie smaller sized channels. This 
machine is stationary only as regards its position during excavation, 
ds it is a traction machine. 

Construction. The machine mtsists of a framework of stand* 
ard structural-steel shapes, support(.*d on two trucks. Each truck 
comprises a heavy steel axle with two broad-dred steel wheels of 
.')-foot to 6-foot diameter. Some makes of excavator are supported 
on caterpillar tractors so as to distribute tlie load more uniformly 



25 CAt«rpill«r Tractor 


over a larger area of wet soil. As in the view of one of these tractors 
in Ilg. 25, the framework sup^iorts the operating and excavating 
equipment. An excavator loading cars is shown in Fig. 26. 

... (grating Equipment. Near the front end of the platfonn are 
placed the operating drums and gears which are belt-connected to a 
kerosene or gasofine engine mounted near tlie rear end of the plat* 
f<Hm. The hmsting and drag-line drums are controlled by friction 
dutches operated by levers. 

Ttuise light excavators are operated dmost entirely by internal- 
cmnbttstion engines as tiiey are clean, compact, easy to operate, and 
eeoaomical. A 25> to 5(Miorsepower koosene or gasdine engine is 
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u^, depending on size and c*apaeity of machine. With a |-yard 
bucket and 50-foot boom, a 40-horsepower engine is of suffinent size 
to furnish the power for the excavation of all classes of sinls. The 
engine is equippe<l with force<l-oil feeder, gear-driven magneto, car- 
bureter, throttle, governor, hirge oil tank, etc. 

Excavating Equipment. The excavating equipment consists of 
the boom, and bucket or scotip. The lHH>m is made of steel channels 
latticed and bmml with tru.ss ro«ls. The lower end rests in a uni- 
versal joint at the fnmt end of the platform, and the upi)er end is 
supixtrttMl from the A-frame by etddes and carries the sheave over 
wlii<‘h the hoisting cable passes. The bucket is a stct‘1 .se(K>p pro- 
vided with tool-steel teeth for the excavation of denst* and hard soils. 

Method of Operation. One man is requirtnl to o|)erate the 
machine ami he stiiiuls at the front ami controls the machine by a 
set of levers. The bucket is lowercsl to tlie surfaev by releasing the 
hoisting line, 'riien the «lrag line is hauled in and this pulls the 
bucket towunl the machine, semiping up n thin slice of earth during 
its progress. When the bucket is near the machine ami filled, the 
b«M»m is swung to one side until tlie bucket is over the .spt>il bank, 
when it is itjvcrted and dum|K‘d. 

Field of Usefulness. The stationary dredgi* «>f the light, ixut- 
able tyja* of <smstructi«in is rapidly developing a wide field of wo- 
nomic service in earthwork. Heing siinpli* ami light in <s)nstruction, 
the machine can be .set up in a short time at si can njove readily over 
fairly level ground. 

In reciumation work, this e\cavnt«ir is cfTicicnt in the excava- 
tion of open ditches up t»> about 40 fwt in width. It can be used 
advantageously f«ir the cieuiiing out of f>ld ditches wliieh have 
become siltetl up. For the excavation and back filling of trenches 
for drain tile from 24 inches to 42 inches in diameter, the scraper 
excavator is very e.flS<*ient. 

When highway and railnwd work are in wet soils, the light 
scraper excavator has provevi its adaptability in the construction of 
cuts and embankments.' The euts can made to any dedred side 
slope mid to any dejith or width by making tnw or more trips on the 
same or different levels. The maehine can Ixmtow the material 
from one or both sides and construct the side ditches in the maldng 
of eiafaa»kn>OTits. 
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The cost of operation will vary from 4 cents to 10 cents jper 
cubic yard for an output of from 1000 to 500 cubic yards per l'(V 
hour day, dei)eiiding on soil conditions, efficiency of the operator, ' 
etc. The machine is generally operated by one man and^one or more 
men are necessary for general service in the pit and about the work. 

REVOLVING EXCAVATOR 

Methods of Mounting. The most generally used type of dr>’- 
lund scrapt'r-bucket excavator is the revolving tyi)e. These machines 
may Iw inountc<l in three different ways as follows: 

(1) On skids and rollers, when the machine travels over the 
planks laid on the surface. The machine moves ahead by pulling 
itself up to its bucket, which acts as an anchor. 

(2) On trucks, wlien the machine is mounted on small, steel, 
4-whcel trucks. 'Fhe machine moves ahead as in the case of 
skids and rollers. 

(2) On caterpillar tractors, when the machine is supported on 
4 moving platforms wliich are esi)ecially udapte<l for soft soil condi- 
tions and allow the machine to move ahead without the use of 
planking, trucks, etc. 

Construction. The essential parts of a scraper-bucket excava- 
tor arc the substructure, ctmsisting of the up|)er and lower platforms 
ami turntable; the power equipment; and the excavating equipment. 
These essential parts are practically the same, as regards their 
mcthtsl of <»pcration, for all makes of drag-line excavator. These 
parts are shown in Fig. 27. , 

The substnicture consi-sts of a lower platform, an intermediate 
turntable and, an upper platform. The lower frame consists of a 
rectangular framew'ork of structural-steel shapes. The frame is 
mounted in one of three ways stated above. Upon the upper sur- 
face of the low’er platform is fastened the track upon which runs the 
ntoving cinie. In the center is located the lower section of the 
central pivot. 

The tiumtable con^ts of a. swinging* circle, which b a sted 
frame cfunying a series of flanged wheeb. 

. ^)e -ttpp<^ framework or platfwm condsts of steel dmpes 
framed xigidly together Upon the lower ^urface of its frame b 
pbe^ the upper sectiim of the central -{nvot. 
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Power Equipment Scraper-bucket or drag-line excavators may 
be operated by steam, electric, or gasoline power. The steam equip- 
ment is the one generally used and will be discussed first. 

Steam Power, The power equipment of a steam-i>ower ex 9 a-, 
vator consists of the boiler, steam pump, injector, feed-water heater, 
main, and swing engines. The boiler may be either of the horizontal, 
locomotive type or of the vcrti(*al, submerged-tube type. The 
former is the more efficient for hard usage and the latter the more 
ecotiomical of space. A steam pressure of about 125 pounds is ordi- 
narily maintained under average conditions. A steam pump of the 



Fig. 2H. Interior Vii*w of Srmper Burket Excavator. A, A-Framo; Bailor; C, 
Hiiis>ting Engine; O, Fwl-Wator Hi>at4»r: K, IVok Winch; F, Bwinging 
Engine: Q, Feed-W'aler Pump 

Cinirte«|i 0 / Lidotfiraod Manufacturing Campanif, Mew York Citg 


standard duplex type is generally connected to a water supply from 
witieh tlie boiler is furnished by an injector. A feed-water heater 
Is often ne<‘essary to purify alkali waters before tijey are admitted 
to the boiler. 

The nuin or hoisting engines are of the horizontal, double- 
c)'Under, friction<drum type. The swinging engine may be a part 
of the main engine of a separate mechanism. The tatter method is 
the more satisfactory. The hoisting engine in thu case has two 
drums, one for the haiiUng cable and the other for the drag line. 
ThgK drums are often coatndied by double-band outside firi&ion 


m 
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clutches operated by auxiliary steam rams. Tlie saiiiging engine ia 
of the steam, reverse type and drives, through a chain of gears, a 
pinion wliich operates the large circular rack on the lower frame. 
The power equipment of a t>'pical drag-line excavator is shown in 
Fig. 28. 

Elertric Pmi'er, Where electric power is available and reason- 
able in cost, it is advisable to use electric motors, in place of tlie 
steam-boiler equipment. Either alternating or direct current nuiy 
be used. The motors may Ik* gear or Iwlt-connected to the shafts 
of the hoisting and swinging engines. The drums of these engines 
are controlled by ttutsnle-band friction <-hitches, which are actuated 
by pneumatic-thrust cylinders. A small l)elt-c«mnecte<l air cora- 
pn*8Sor with receiving tank supplies the compressed air for the rams. 
On a 120-ton machine equippiil with a 2J-yar<l dipiH*r, a 1 IJi-horstv 
power, GO-cycle, Il-phase motor for the hoisting engine, and a 60- 
horst*iM>wer, (K)-<L‘y<*lc, 8-j)ha.sc^ motor for the swinging engine art* 
Huiluble for the |K»wer equii)mcnt. The cost of cum*nt will vary 
from J to 1 cent per cubic yanl, defiending on the market price. 

The reliability, cleanliness, and economy of this form of jHiwer 
are .strong factf»rs in favor of its use. It has pmvetl very advanta- 
geous in reclamation work in the arid regions ot the West, where tsial 
and water are scarce anti cx|H*nsive, and electric power is available 
from near-by transmission lines of w'ater-f ower plants. 

GaftnUne Power. Gastiliiie and kert.scnc engines have been 
successfully used in the oiH^ration of the machinery of the smaller 
sizes of scraper-bucket excavators. The engine is inountisl on a 
base jest to the rear of the drum mechanism to which it is belt- 
connected. A 50- to SO-horsciKiwer engine is necessary for the 
efficient operation of hoist and .swinging engines, The drums of 
the hoisting mechanism are provided with outside-band friction 
dutches, which are controlled by pneumatic-thrust cylinders. 
Double-cone friction clutches are ased to operate the drums of the 
swinging mechanism. A small air compressor actuated by a belt 
connection arith the engine furnishes compressed air to a receiving 
tank. Hie air ia supplied to the thrust cj-linders, which operate 
tile band friction clutches on the drums. A water tank for supplying 
water to cool the engine cylinder and a gasoline sdpply tank ,are also 
jpboed on the upper platform near the en^ne. 


. m 
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The gasoline engine is the most economical type of prime 
mover or power producer in localities where coal and water are 
scarce and expensive, and electric power is not available. 

Excavating Equipment. The excavating equipment conrists of 
the A'frame, boom, and bucket. 

The A-frame is generally a framework, shaped like the letter A, 
ef>mposcd of wooden or steel members. This frame is located near 
the front end of the platform. The top of the boom is connected 
by cable with the top of the frame which is also guyed back to the 
two rear corners of the platform. The top of the boom may be 
raised and loweretl b> means of a win* cable, which passes from the 



1 iir I'nK«» Si r»|H r Bin kei 

end of the boom over a sheave at the top of the A-frame and thence 
down to the deck winch. 

The boom is generally a steel framewf)rk whi(>h is pivoted to 
the front end of the platform. The upper end of the boom is framed 
so as to form a boxing for one or more sheaves over which the hoist- 
ing cable passes. 

The bucket may be one of three types: tlie scraper bucket, the 
dtiD-shell bucket, and the orange-peel bucket. The last tw'o types 
will be discussed in tlie section under “Floating Dipper Dredges", 
Fart 11. The scrai^ bucket b tlie type generally used with a 
dragdine excavator. It consists of a box-shaped scoop made of 
heavily ninforced, shiq^ steel plates. The lower^ front edge b 
the catting edge and is made of manganese steel and fiv hard material 

' m 



EARTHWORK 


53 


is provided vith teeth. There are several makes of these buckets, 
which differ only in their details of construction. The Page bucket 
is shou’n in Fig. 29. 

^ Method of Operation. A steam-oiierated machine requires the 
services of four men : an engineer, a fireman, and two laborers. The 
engineer stands at the front end of the platform and by means of the 
levers and brakes controls the entire o|)eration. The fireman keeps 
the boiler fed with fuel and wafer and has general superNnsion of 
the machinery. Tlie laborers act as pitmen and are of general serv- 
i<'e about the machine. The finsnan can l>e eliminnttHl in the ca.<ie 
of the exca\aturs oiJeratwl by electric motors or intemal-combus* 
tion engines. 

The oi»eratioJi of ex«’nvution c'ominenccs with the bucket in the 
first jiosition slutmi in Fig. 27. The engineer releasi‘3 the hoisting' 
line and drag-line drums and allows the bucket to drop to the surfat’e, 
where it will Ik* in the .scct)nd jKisition shown in Fig. 27. In de.scend- 
ing, the weight of the bucket maintains its vertical {M)sitionand forces 
the cutting edge into the soil, giving it an initial bite. With the hoist* 
ing line still relcas4>d, the o]M‘rutur starts up the drag-line drum and 
pulls the bucket towanl the machine. The fir>,t pull on the drag 
line tilts the bucket to the ])ro|M*r iM>sition for the i)enetrutit)n of the 
soil. Ily a .slight manipulation of the hoisting line, the pru])cr angle 
of the bucket may be kej»t for a ibn-p eni in soft soils or for a thin 
cut in hard soils. When the bucket is filled, the drag-line drum is 
set and the hoisting drum is startl'd, and this automatically raises 
the front end of the bucket and thereby prevents the spilling of the 
contents during tiie sw'ing to the .spoil bank. The front end of the 
bucket is held up by means of the ti'iision of the dumping line which 
is the upiier braiub of the drag line. See third position of the 
bucket in Fig. 27. When the dumi>ing iM>.sitiun is reached, the 
operator releases the drag line and the bucket revolves into a vertical 
position and dumps. The tension i.s applii*!! or released by pressure 
on the brake lever actuating the drag tine and hence the operation 
of dumping is always under tlie control of the operator. 

Cost of Operation. The cost of operation of a scraper-bucket 
esnxvator depends on the class of work, the kind cd material to be 
handled, the sue of the machine, tlie efficiency of the operator, the 
character aryl cost of the power used. etc. 



54 


EARTHWORK 


Illwtratiee Example. The type of machine in general use* is a 
steam>power excavator, equipped aith a 2J>yard bucket. Such a 
machine, on ditch or railroad construction should excavate about 
1200 cubic jards of loam and clay during a 10-hour working d^y. 
The folluaing is a typical case of the cost of operation, under such 
conditions, for a 10-hour <lay : 


Operating Cost of Steam-Power Scraper-Bucket Cxcavator 

I^tihor 

1 (iiicinoor tT} (H) 

] (in mill i (X) 

2 labort>i*», @ 91 75 oa(h 3 "lO 

1 louin and driver (hauling «'oal, oto ) 3 .*>() 


Total labor lOrtf, per day 
Futl ami HuppluH 

2 Iona of coal, {a 91 tKl 
fill, and waste 
U atfT 


915 00 


9S 00 
1 75 
0 35 


Total fuel sand aiipplits 
General and Over head KxfH nv h 


Repoiis 

94 00 

Incidi^ntid expenbes 

2 00 

l>»pre< i it ion (t0'{ of 910,0(KI)* 

s5 00 

Interest (6^ o of $10,00tb* 

3 00 


Total g( neral and ov< rhi ad 4 ‘\|»rnst» 


910 10 


914 00 


Total Cobt of Op<»iation for 10-hr Day 939.10 

Average Daily rAeii\ation (ru yd ) 1200 

Unit Cost of Sc ra|>or- Bucket Excavating, cu yd., $39 10-J-1200*« 00 033 



y»i|t 3(1 Diym of l.lmrtaltoBaqt Dm^Lme EycavaUaa 

^ ^ BiiMd cm « bf« of 10 y«M aad 200 woiiBBtd«ya par ysw. 
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.Field Us^ulness. The field of work of the drag^line exca« 
vfttor has become a wide one «npe 1910. Its early use was largely 
in reclamalion work, the construction of ditches and dikes on irnga- 
tion and drainage projects. Its great length of boom gives this 
excavator a wide radius of operation and permits of titc deposition 
of material in spoil bunks at a suflicient distame from the sides of 
the cut to prevent caving of the banks. The drag-line principle 
permits the excavation of material at a ctm.sidcrable deptli bt'low 
the surface and its elevation to a curre.s{>ondingly high elevation 





Fife. 31. Tle^volvinff Excavator on Cater|iti|ar Tractor Oprratinc on I>ratna|[e Work 


above the surface. The limitations of the drag-line excavator are 
shown in Fig. .30. 

The use of the caterpillar tractor allows a heavy machine ti> 
move over soft, wet soils on drainage work. The machine start.H at 
the lower end of the canal and excavates as it moves upstream, thus 
allowing the surplus soil water to drain off through the new channel. 
The careful operation of the bucket will result in the oonittruction of 
a canal with smooth and uniform bottom and side slopes. An 
eaogmiide of this class of earthwork is shown in Fig. 31. Recent 
experience in the South and West has proved the efficiency of this 
type of excavator in the construction of ^kes and earthen dams on 
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reclamation projects and embankments on railroad work. Tlie 
machine moves parallel to the work and borrows the material from 
one side, or moves ahead of the work and borrows the material from 
iKith sides. 

Earthen dams and dikes; if of large size, should be made in 
layers of about 6- to 8-inch depth,, and each layer wetted and rolled 
by a heavy steam roller before the deposition of the material for tlie 
next layer. Small dikes and railroad fills can be satisfac-torily 
built without wetting and rolling. The drag-line excavator save.s 



Fig. 32. Dnig-Uno Excavator Operating on FIaccj Mine in Siberia 


the haulage equipment iieci*.s.sary in this class of earthwork wb^ 
either an elevating grader or a power shovel is used. 

The scraper-bucket excavator is very efficient in the excavation 
of gravel pits and in stripping soil from quarries and mines. WThen 
the pi>wer shovel has become drowned out of a pit which has been 
flooded, the drag-line machine can work from a higher level and 
excavate for a ctmsidcrable distance below the water. * Fig. 32 
shows a drag-fine excavator, equipped with a l^yard bucket and a 
65-foot boom, which opemlsd successfully in 1915 on a large {dae^ 
mine hqi^eastem Siberia. Such a madiine has proved to .be very 


EARTHWOEK 


57 



8S7 


EARTHWORK ^ 




economical where eorulitions do not warrant or permit tlie use at a 
large hy<lraiilie dredge. 

TEMPLET EXCAVATOR 

Considerable difficulty has been experienced in the maintenance 
of drainage and irrigation channels. This has Ix^en caused by their 
rapifl filling up with silt, debris, and vegetable growth. Many forms 
of dre<lgcs construct the channels with rough bottoms, uneven sides^ 
and steep banks, which are subject to subs(H;|uent caving. These 
irregularities in the surfac'es of the channels retard the flow of the 
water and augment the deposition of silt, debris, and other heavy 
nuiUTials carried by the water in susix^nsion. During tlie dec^ade 



I'ijt. 3-1. Narrow-Botlom Templet Excavator 
{'mirU'»y of F. C. Au*iin Drainagn Bxentatar Company, Chiruyo 


]JH)o-1015, a unique type of excavator, called the templet excavator, 
came into use for the construction of open ditches with trrie and 
smooth side slope's and grades. 

Construction. A douhlc-faced, reversible, ^>sitiv<K'ieaning 
bucket moves aloug a guide frame, w'hich is sliaped at its lower 
section to the desired cross*aection of the ditch. The guide frame Ls 
supt>orte<l on a platform or framework composed of structural-steel 
members, strongly braced and bolted together. This platform is 
8ui>portcd on wheel trucks or caterpillar tractors, whicb are neces- 
sary for soft, wet soils. Templet excavators with wide and with 
narrow frames are shown in Kgs. 33 and 34, respectively. 

P'owtr Equipment Power for the operation of the madune 
may Iw furnished by a 'aleam-powicf equipment or by an intemai- 
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combustion engine. The latter type of power eqtupmoit ^ ge»eiv 
ally been found to give very satisfactory results and to be dernier, 
cheaper, and simpler in operation than the ordinary steam plant. 
If a steam engine and boiler are used, a 25'horsepower to 40>horse< 
power engine will be required, while a gas engine for the same 
machine should have from 5() horsepower to 80 horsepower. The 
power plant is mounted on the central part of the idatform and is 
operated with a set of le\ers by one man. 

Excavating Equipment. The excavating equipment consists of 
tbe gitiiic frame and the bucket. The guide frame is made up of 2 



R5. l.imUation« of Trmplnt Exovvutirr with N arrow* Boitoin Frame 
Courtt^y of F AumHh ^mrntor (*ampany, f'huvtffi 


steel members which are placed parallel and form a track over which 
the bucket moves. This frame is made in two shapes at its bottom 
section to provide for the excavation of narrow and of wide ditches: 
t^ dde ^pes are nearly 1:1. llie frame is well braced by steeb 
frame members and can be raised and lowered through the platform. 

The bucket is a rectangular-shaped box with 2 open ends and 
cutting edges. A plunger Imad fits inside the box section. 

Method of Operatkm. The guidg frame is lowered to the ground 

aor&ee and die bucket drawn down and idong ^ bottom of the 

Imine. .. As it moves aloi^ it oits a tlun dios df earth which is 
*> • > 
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carried on to the upper section of the frame. Here trips are located 
and they push the plunger head through the bucket and thus the 
contents are discharged into either wagons or cars or upon a qxnl 
bank below. As the bucket moves back and forth along the frame, 
the latter is lowered so as to gradually feed the bucket into the 
earth and increase the depth of cut. Thus a section of <btdi prism 
almut feet in length is made with one porition of the machine- 
Thc machine then moves ahead and cuts another section of ditch, 



Fig. 36. LimiUUon« of Templet Kxciivator with Wide-Bottom Fronm 
Cipuriesy of F, C. Austin Drainagt Exeawtor Company ^ Chicago 


and so on. The limitations of the two types of templets— narrow 
and broad l^ottums — are given in F1^. 35 and 36. 

. Cost of Operation. The gasoline-power machine equipped with 
caterpillar tractors is the type of templet excavator, whicb is most 
generally used in the excavation of channels in loose and soft soils. 
Fur the operation of tliis machine a crew of 3 to 4 men woukl be 
required: an enpneer, an asristant, a labOTer, and a teamster. A 
steani.operated machine, run on a track would require the aervtem 
of one or two extra men to haul fuel, move trade, etc. Theengmotf 
operates the Jmnk of ktvers which control the moveaumt of tihe 
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biujcett the laiaing and lowering of the frame, and riie traetive move* 
ment of the machine along the surface. Hie aaristant keeps the 
machineiy mled and in good woridng order. The laborer provides 
planking or tracking where necessary, and does general service about 
the machine. The teamster hauls the gasoline, water, and supplies 
necessary for the work. 

IttuatraUte Example. The cost of operation of a typical machine 
in the construction of a drainage channel through alluvial soil under 
favorable conditions would average about as follows for a l6>hour 


day; 



Operating Cost of Templet Excavator 


Labor: 



1 ongtn€i?r 

$4 00 


1 amiatant 

2 50 


1 laborer 

2.00 


1 team and driver 

3 50 


Total labor riwt, |rf»r ilay 


$12 00 

Fud and Supplun: 



35 gallonti of gasoline, (rf. 

$7 (M> 


Oil, waste, otc. 

1 (K) 


Total fuel and supplies 


$8 00 

General and Overhead Expnutes: 



Depreciation (121% of $12, 

$10 m 


Interest (0% of $12,000)* 

\ 80 


llepaim and incidentals 

4 20 


Total general and overhead ex^HniKct 


$to m 

Total Cost of Operation for 10-hoiir Day 
Total Excavation (cu. yd.) . 


700 


Unit Cost of Templet Excavating, per ru. yd., S:i0 00-1-700 00.066 

Field of Usefulness. A water channel, to secure highest effi- 
ciency of operation, should have a true grade and uniform and 
MDooth side slopes. On irrigation and drainage projects, the dis- 
tribution canals and open ditches are peculiarly susceptible to fillitu; 
up with silt, dibris, and vegetable matter during seasons of low flow, 
la the case of small ditches, this Ailing up may become so great in a 
few years as to imider the channel practically usdess. Tlus means 
that these artificial watmways must be cleaned out every few years 
fa order t o maintain their efficiency and capaoty. In order to 

« Biiid Oft 150 liwitec dayi a «fld an 8><)rMr Bfi. 
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reduce this maintenttnce expense to a mitumam, it is 
construct the channels as nearly mechanic^iy perfect as po^fe. 

The templet esfuivator is the best form of excavator for tbe 
construction of an open diannel, where the sml conditions are favor- 
able. In alluvial soils, such as loam, day, sandy loam, and m^,« 
the machine does very satisfactory work. But in hard soils, spch 
as hard pan or indurated gravel, and in lands where many p|^stru^ 
tions such as stumps, boulders, and roots occur, the progress is slow 
and difficult and the work expensive. ^ 

WHEEL EXCAVATOR 

The wheel excavator is a machine which has been devised to 
excavate small open ditches on reclamation work. Most types of 



Fig. 87. Wheel Excavator Coniitructiiig Hinall Dnainage I>ftch 

excavators are unfitted on account of size and method of operatitm 
to construct the snudler lateral ditches of dunnage and irrigation 
systems, and there has been a great demand, beginning in the 
dcca<leof 1905-1915, for a small, U^t, portable machine, which can 
excavate to a t^ and uniform <mss-section. . 

Construction. The ditdier consists of a frame whkh suppents 
. tiie power equipment on the front end, and a juvoted hamework 
OM^iuning die excavating wheel on the rear end. Ihe plidlonn,|^ 
sQjqmrtrd at the fron;^ on an axle whidihaa 2 broad-tired sted aheds, 
and at the rear by 2 haterinUar factors, which afiow thr maefairie 
t» opnmtejn wet, soft sr^ A view ei^va^ eoi^ 

ahmetin^ a small cltakiigft‘di2^ is ahot^l^Elg. 
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PtVtr Equlpnent The power may lie supplied other by a 
steam or intemal-combustion engine. 'Die eaijlier machines were 

* suited with the former type of enpne but the more recent macbines 
are,iMMiriy all equipped with ga.<u>ri»e en^ne.s. These gasoline 
engines are generally of the marine type and made with •t^'yele 

• multiple cylinders, rani^ng from 20 honselwwer to 90 horsepower. 
They are provided with high'tensdon magneto and dual ignition. 

The motive power is transmitted to the wheels either by sprocket 
chain or bevel-gear drive. 

Excavating Equipment, 'piie excavating equipment consists of 
the excavating wheel and belt conveyor. The wlietd is an open steel 
frame, around the periphery of which are attached from 8 to 12 



r - n 

Fift 3R Diamm of Griwral Dimcnntoii* siiii Rpt^ifirAiiunn of U liprt Kxniviitcirfi 


buckets of scoop shape. At the rear and near the upper {lart of the 
wheel is placed the belt convejor, whi’ch pnyects out a considerable 
distance either ade of the machine. 

Method Operation. The excavating wheel revolves dther 
on a central ade or anti-friction w'heels placed along its rim and 
eadi bucket cuts out a thin slice of earth which is deposited on the 
machine end of the belt conveyor, when the bucket reaches the top 
of the nheel. Tlie operator gradually feeds the whed into the 
froimd aa the wheel revolves. After one section has been dug to 
dw xequiied depdi, the madune moves ahead several feet under its 
own power mul another seetkm is dug, and so cm. The sizes, limita- 
and diM^tiea of tib various rises of a wdKknown make of 
Jihoil excavator &e given in Fig. 38 andi^hle V, 



TABLE V 

Qencral Dimensions cf Wheel Excavators 
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. Cost of Operation. The cost of opmttion depends on the size 
of the job, die size snd make of excavator, the diaracter and con<fi- 
tion of the soil, the effidency of the operator, etc. 

lOuMratite Example. With a maclune which digs a ditch with 
a* tdp width of 4 feet 6 inches, an average depth of 3 feet 6 inches, 
bottom width rounded to 12 inches, and side slopes of about }:!, 
the average cost of operation for a Id-hour day would he about as 
follows: 

Operating Cost of Wheel Excavator 


leahnr* 


1 operator, @ $125 })er month 

$4 no 



1 miMiBtunt 

2 50 



1 lalton^r, @ $2 00 

2 00 



1 team and driver 

3 50 



Total lidior roat, per day 


$12 00 


Fwl and A^uppluit: 




30 gallons gaaoline, (A 20r 

$0 00 



Oih aaete, an<l supplies 

1 00 



Total fuel and supplies 


$7 00 


(ifneral and Overhead Charges: 

. 



Depn*eiation (12}% of $6000)* 

$5 00 



Interest (6% of $0000)* 

2 40 



Repairs and incidentals 

4 m 



Total general and overhead expense 


$12 00 


Total Operating Cost jior lO-hour Day 



$31.00 

Average Progress per Day (ft ) 


2000 


Average Daily Excavation (eu yd ) 


700 


V l"nit Cost of Wheel Excavating, per cu. yd , $31 00-e700» 

00 044 


Field of Usefulness. The wheel excavator is the most practical 
form of excavator for small ditches where the soil conditions are 
favorable. This maclune cannot excavate economically very hard, 
dense stMls,or where large quantides of stumps, boulders, and otlier 
obstructions are present. In glacial clay, alluvium, marl, and 
similar soils, this excavator operates very smoothly and satisfactorily. 

In in^tiim and drainage systems, where the smaller ditches 
run full only a small port of eadi year, a large amount of silt, debris, 
and Y^etatkm gradually accumulates. Hiese obstructions in the 
ooune of a few years uill gradually fill up and grsntly reduce the 
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carrj'inf' capacity of the channels. Hence it is necessary to qkd.' 
struct the smaller (channels to as near true grade and cross-section as 
Ls practicahle. In open, porous soils, such as occur often on irriga- 
tion projects, it becomes necessary to line the ditches with some 



Fi« 39, To«or F.xt'ftvutor 0|M*mtiQg on New York Htatc Barge Canal 

impervious material such as concrete to prevent large seepage losses. 
In .such cases it is a great advantage to excavate a riianneh which 
is to be subsequently lined, aith a true grade and smooth aide dopes, 
so that the form u'urkfor the concrete may be set without theextxa 
labor an^ expense of trimming and shapng the excavatkm. 
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TOWER EXCAVATOR 

The tower excavator is a unique type of machine which was 
developed and used with success several j’ears ago on the Chicago 
J>rainage Canal and recently on the construction of tlie New York 
State Barge Canal. As will be seen from Fig. 39, tliis excavator 
derives its name from its principal part, which is a movable tower. 

G>nstruction. The tow'er is a framed, timber structure, the 
height of which is determinwi by the width of the area to be exca- 
vated. Tlie tower rests on a platform or car, which is braced 
by overhead, horiztmtal-chord, «>mbination trus.ses. This’ car is 
mounted on 4 solid, <l(»uble-flanged cast-steel wliwls generally about 
14 inches to 10 inciie.s in diameter and with 4-inch tniials. The 
wheels run on a track, wiiich et)nsist3 of 8()-pound to OO-jamnd rails, 
spiked to cross ties, which are bolted to 30-foot planks. The car 
and tower are moved ahead by a cable which passj?s over a sheave 
on the car and theme to a “deadman” or anchorage plactnl at a suit- 
able point ahead of the car, and then back to a drum on the engine. 
The tower is braced to the car by cables wiiich extend from the top 
of the tower to the rear corners of the car. 

Power Equipment. The pow'cr equipment i.H ]>laml on the rear 
of the car and consists of a vertical laaler and a double-drum hoist- 
ing engine. The engine is usually of the vertical, rtsvcrsible tyjie, 
with double, 40-inch by 12-iiich cylaiil»‘rs, and equipped with 
friction-clutch control for the drums. 

Excavating Equipment. The excavating equipment consists 
essentially of a 2-line stTuiier bu<-ket. At the rear of the bucket is a 
frame carrying 2 sheaves at right atlgles to the cutting edge, which 
18 strongly reinforced and pro\ide<l with teeth for the excavation of 
'is... material. On the bottom of the bucket are attached 2 curvetl 
sb'ots, or shoes. The front of the bucket is connected to the drag- 
line drum of the engine by a cable wiiieh passes over a sheave SU8; 
peiided on the front side of the tower about of its height from the 
base. Another cable extends from the hoisting drum of the engine 
over a sheave at the top of the tower, then between the sheaves on 
the bail of the bucket and then to an anchorage at the far side of the 
excavation. 

Metfiod of Opmtion. Hie bucket is lowered over the hoist 
fine by allowing it to dide down the cable by its own weight, to the 
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far side of the cut. Then the bucket is loaded by pulling it toward 
the tower by winding up the drag-line cable. W’hen the spoil bank 
is reached, tlie hoisting cable is raised and the bucket is overttimed 
and dumped. The bucket is returned to the excavation by still 
further tightening the hoisting cable and releasing the drag-line 
cable, whereby the bucket rises and slides back to the starting 
jjoint. Where a tower Co feet in height has been used, a reach of 
210 feet from the far side of the excavation to the near side of tJie 
siwil bank was attaiind with efficiency of oix^ratiou. A bucket, of 



2-cubic yard capacity, made an average output of 3 cubic yards and 
was operated at tlie rate of 4 coibic yards per minute. 

A crew of fnim 5 to 9 men is required to operate a tower exca- 
yator*. depending on the magnitude of the job, the character of the 
material to be excavated, etc. Under average condirions, there will 
lie Kquircxl an operator, a fireman, a team and driver, and 3 
laborers. The operator is stationed on a platform on the rear side 
of the tower and at about } its height. He contiob the madunoy 
by a set of levers and brakes and has an unobstructed view <4 tiie 
t woric. The fireman keeps the boiter and ma chine ry supplied with 
fud, water, and cnl, and in^proper woridng condition. The t e a m a nd 
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driver haul fuel, water, and supplies to the work. The laborers 
noove the track and perform general service about the work. 

Double-Tower Excavator. A double-tower excavator was iised 
some years ago on a section of the Chicago Drainage Canal. A 
diagrammatic view of this excavator b shown in Fig. 40. As will be 
noted from the plan, the inclined booms were so designed that a 
straight line from the apex of either tower to the point of the oppo- 
site boom, clears the side of the tower. This allowed each bucket 
to clear the tower and empty directly on the adjacent spoil 
bank. 

A double-drum hoisting engine was located on the side of the 
platform of each tower. Each bucket was operated by a drag line 
and a hoisting line. The buckets were loaded, dumped, and returned 
to the excavation as is described above for the single tow'cr excavator. 
By clutnging the location of the suspended sheaves, the position of 
the bucket in digging was altered so as to reach the entire half width 
of the canal prism. This machine, in the excavation of a canal 
section having a bottom addth of 26 feet, side slopes of 2:1, and an 
average depth of 27 feet, through a clay soil, did very satisfactory 
work. 

Cost of Operation. Hhutraiite Examjk. The following may 
be taken as an estimate of the co.st of o|>eration of a single-tower 
excavator, equipped with a 75-foot towtc, controlling a 25()-foot 
width of excavation, a 2-yard scraper bucket, and a 10 X 12-inch 
double-drum, vertical hoisting engine. The excavated material would 
be dumped upon a spoil bank at the tower side of tlie excavation 
and into wagons or dump cars by means of a loading platform. A 
train of four 5-yard dtunp cars would be loaded in about 15 minutes. 
An average output of 600 cubic yards would be attained in tlie 
excavation of a gladal clay under average working conditions during 
a KVhour working day: 

Operating Cost of Single-Tower Excavator ^ * 


JMer: . 

lengimcr 14.00 

l&amaD .2.fi0 

I teem end dtivar 3.60 

Slaborena 9 lAOOeadi 0-00 


fatal latmr eost, per day 


310.00 
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Fuel awl SuppUea: 


I ton of coal, ^ $4.1)0 
( )il, and waste 

$3.50 

0.50 


Total find and Huppli<*s 


$4.00 

(fentral and Overhaul Exptmes: 

Dcpi'f'ciation.dO^i on $2000)* 
Intftmst (6?o of $2(XK))* 

Ke[)airs, and incidentals 

$1.40 

O.SO 

5.50 


Total general expense 


$7.70 

Tt)tal (’ost of Operation for lO-hr. Day 

Average Kxeavation per 10-hr. Day (eu. yd.) 

000 


Ihiit Cost of Hingle-Tower Excavating, p«!r cu. yd., $27.70+600 = 00 046 

Field of Usefulness. The t«»wcr excavator was originally used 
in «*«inul excavation where the cToss-^*ction was very wide with a 
coin})arativoly shallow de)>th. When the top width of a channel is 
over SO feet, it becomes ne<'es.sary to use drag-line excavators in 
pairs, one along ouch bunk, or u fi«)uting dipix-r dredge which shifts 
from one side of the channel to the other. The tower excavator 
can cut the full width of the channel at one set-up and complete the 
.section as it m(»ves along. I'lils tyjie of excavator could not be 
u.sed s<iti.sfact.<jrlly in verj' wet soils, or wliort; rock occurred in great 
quantity. 

The tower e.xcuvator is es|)ecially efficient in the excavation of 
large, shallow’ areas such as n'servoirs, athletic fields, and the base- 
ments of large buildings. In .such ca.ses, it might be advisable to 
have the tower or towers move over curved tracks; the center of 
curvature Iwing the ja^int of anchorage of the hoist cable. 

Quarries, surface mines, and gravel pits can be economically 
stripped with a tower excavator, w’hen the area covered is sufficient 
to w'arrnnt the installation of the plant and the soil oonffitions are 
fax'orabk* to uniform .scraper-bucket operation. 

WALKING SCOOP DREDGES 

The wsalking dit'dgc Is rather a novelty in the field of excavating 
'machinery' and derives it^ name from its ability to move over the 
grotmd its owm {ww’er and to turn sdiort angles or curves with- 
' put siidii^ or skidding. The walking scoop type was devised about 
1905 , and is similar in gea$ral construction and (iteration to the 
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floating dipper dredge. Another type, placed on the market in 
1914, is an adaptation of the "walking” principle to the drag-line 
excavator and wnll be discussed later. 

Construction. Tlie walking scoop dredge consists essentially 
*.uf a wooden hull supported on 0 legs or fi>et and supporting the 
operating machinery and excavating equipment. Tlte hull is con- 
structed of heavy timbers and is brace<i longitudinally by large, 
overhead, w'ooden trusses. It is usually made of sufficient width to 
straddle the ditch which it is excavating. On the front of the hull 
is placed the A-fraine, w'hich consists of two heavy timbers, bolted 
to the sides of the hull at their low'er ends and joined at the upper 
ends to a "head” casting. The A-frame st^ts in nearly a vertical 



Fig. 41. OtsTieraJ View uf Walking Acoop Dmige 


plane and is braced to tlie rear eoniers of the hull by wire cables 
which ex^nd to the top of the frame. 

Operating Equipment, 'fhe operating equipment for steam 
power is similar to that used for a floating dipper dredge, llie 
boiler is placed at the rear of the hull, and in front of it are the 
hoisting and swdnpng engines. These will be fully discussed in the 
section entitled "Floating Dipper Dredges". 

On several jobs, it has been found to be more economical to use 
a gasoline engine instead of the steam equipment. Engines of the 
multiple-cylinder marine type are generally used and vary from 16 
hmsqwwer to 50 horsqwwer, depending mi the capacity of the exca- 
imter, the ipse of the ditch, and the character of tiie soil. Awadyne 
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with a 40-foot boom and a f-yard dipper has been satisfacitorify 
operated by a 50-horsepower engine. 

Walking Equipment The hull is supported at each of its coi^ 
ners by a timber platform shaped like a large stone boat Blach 
“foot” is about 6 feet wide, 8 feet long, and 4 inches thick, and basalt 
iron rod Itolted across the bottom near the front edge to prevent 
slipping. Each pair of feet is connected by a timber so that the 
two feet will move conjointly. Each foot is pivoted to the hull and 
connected to a drum of the swinging engine by a chain, so that the 
feet may be turned by the revolution of the drum. In the center 

of each side or midway between 
the comer feet is a* center foot 
similar in construction to the comer 
feet. C)n the under side of each 
center foot, a transverse 6-inch by 
6-inch timber is bolted to prevent 
sliding or slewing. A large timlwr 
extends from the top of each center 
foot, between each pair of tmsses, 
where it is pivi»ted. A chain, one 
end of which is fastened to the .side 
timbers of the hull, passes over two 
pulleys attached to the frame on 
which the fwt support is pivoted, 
and then passes along the hull to the 
rear comer and across the back end 
to a drum near the center of the hull. 

Tlie movement of the excavator is effected as follows: The 
dmm is involved and the chain pulls the foot support gradually to 
a vertical position. This rais^ the dredge from its comer feet and 
shoves it ahead about 6 feet. The rear chain is then rdeased and 
the weight taken off the center feet, wluch are pulled ahead by a 
chain attached to a drum, located near the front part of die hull. 
A general view of a walking scoop dredge is shown in Fig. 41. 

EMavating Equ^iqient The excavatii^ equipment cmisista 
the bomn, dipper handle, and dipper, all of whi^ are of unui^ 
dengn in this madune. 

Ihe boom is made apnf two parts; the part » suppmted 
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at its lower end on a turntable, amilar to those used on a floating 
dipper dredge. The upper end is supported by a cable from ^e 
peak of the A-bame. The lower part of the boom is pivoted at one 
f nd to the lower end of the upper section and on its outer end is 
piloted an iron-trussed framework shaped like a walking beam. 
This framework is the dipper handle, to the lower end of which is 
attached the dipper which is shaped like a slip scraper. The dipper 
and dipper handle are shoam in Fig. 42. 

A chain or cable passes from the upper end of the handle to a 
drum on the hull. By winding up this chain or cable, the tup of 
the frame is pulled back. A chain or cable is also fastened to the 
lower end of the handle at the back of the scoop. This line passes 
over sheaves in the outer ends of tlie booms and thence to a drum 
on the hull. The mcthwl of excavation is as follows: l^hc lower 
section of the boom is lowered until the tip of the scoop is at the 
required elevation; the line attached to tlie upper end of the dipper 
handle is drawn in by revolving the drum, and the scoop is thus 
forced into the ejirth. After the scoop is filled, tlie lower section of 
tlie boom is raised and simultaneously the whole boom is .^wung 
to one tide until the scoop is over the spoil bank, when the 
upper line is released and the lower line is drawn in until the 
scoop is pulled liack to the boom and the contents of the scoop are 
dumped. 

The walking scoop dredge can move across fairly level land at 
the rate of about 1 mile in a lO-hour day. It can make a quarter 
turn in about 50 feet. It may be operated as a rear or head-on 
excavator. In the first case, the 'machine starts at the outlet and 
works upstream, baddng away from the excavation similar to the 
drag-line excavator, while in the latter case, the machine starts 9t 
the upper end of the channel and straddles it as it works downstream. 

WALKING DRAG-LINE EXCAVATOR 

This maebine is an adaptation of a walking traction device to 
tile dngdine excavator, llie advantages of this method of traction 
over the ordinary ones of rollers, wheels, or caterpillars, are the pro- 
eduction of a direct bearing pressure on the soil and the elimination 
of trade, idankwa^, skids, and the Idxv necessary for their manipu- 
latkiiL 
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Construction. The walking drag-Iine excavates differs from the 
onlinary drag-line machine prindpally in its substructure construc- 
tion. The customary lower frame and truck rollers or caterpillar 
tractors are replaced by the walking device, which is quite different 
in design and o])eration from that described above for the walking 
scoo]:) dredge. 

The sui)crstructure of this excavator is very similar in design 
and constniction to the ordinary drag-line excavator. Three sizes 
of machine are in regular use: the smallest, equipped with a 40-foot 
boom, a 1-yard bucket, and operated by a 45-horsepower kerosene 



Fig. 43. Walking Drac-lioe Esoar»tor 
C<nfft0«y p/ Munighan MacMng Compamp 


engine; the medium, equipped with a 50-foot boom, a 2-3rard 
bucket, and operated by a steam plant; and the largest, prodded 
with a 60-foot boom, a 2|->'ard or 3-yard bucket, and operated by a 
steam plant. 

Walking Equipment. The walking device conasts of two large 
shoes or platforms, one on each side of the central circular sutqmrt, 
and two wheel segments or cams, each of which is keyed to the end 
of a heavy shaft extending across the maciune. (hi the lower end 
of each cam is pivoted a^heam whose ends are dtun-connected to 
the en^ of each platform. A view of this mechanism is shown in 

m 





EARTHWORK 


75 


Fig. 43. A large gear wheel on the ^aft meshes with a pinion on 
the loading-drum shaft of the mtin engine. The pinbn is controlled 
by a jaw clutch and brake. 

^ To move the machine, the pinion clutch is thrown in and the 
en|dne started. As the shaft revolves, the c<ams and pixtited beams 
lift the platforms and sadng them forward to a resting place on the 
ground. As the shaft revolves, the cams move over tlie up|)er sur- 
faces of the platforms until th(‘y come into nnitact with the stop 
blocks, when the motion is stopped, and the machine is moved for- 
ward and downward to the surface. When further movement is not 
desired, the cams are revolved until the beams and platforms are 
elevated above the ground, and the machine then rests entirely on 
its circular base, about wluch it may revolve as a pivot for the pur- 
IK*se of excavating. The pinion is now locked by a brake and the 
drum clutch relea.scd to commence digging. 

Field of Usefulness. The w'alking ext'avator is cs])ecially 
adapted to use on drainage and irrigation projects, where several 
ditches are to be built in one locality. Ordinarily, when an excavator 
is through with one job and is ready to commence another channel, 
it is generally nec-essary to dismantle the machine, tran8iM>rt the 
j)art3 to the new site, and rcasstimble them. This involves a con- 
siderable expencUture of time, labor, and money. The walking 
machine can move over soft, wet, and rough ground and can make 
sharp turns by revolving alnmt the cent ral support. The machine 
can be erected at the transportation point where it is unloaded from 
cars or boats and can walk to the job at the rate of about 3 miles 
per 10-hour day. 

This excavator can be efficiently used in the excavation of wide 
ditches by moving along the center of the channel and working 
altenwtely on opposite sides. 

The walking scoop dredge operates at about the same cost as 
the floating dipper dredge. A machine (‘quipped with a 1 j-cubic 
j’ard dipper, and operated by a 40-horsepower gasoline engine, can 
bandye about 1600 cubic yards of loam and clay per 10-bour day, 
at an avoage cost of about 4 cents per cubic yard. 
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DREDGES— ^Continued) 

FLOATINQ EXCAVATORS 

CUuMiflcatlon. The excavators of this division, as tiie name 
indicates, move over the water like a boat. They may be classified 
• as to the method of operation as follows: the dipper dredge, the 
ladder dredge, and the hydraulic dredge. 

DIPPER DREDOe 

Dipper dredges may be classified as to the field of operation 
as follou's: dredges for the excavation of drainage and irrigation 
ohaimds, dredges with narrow hulls and side floats for digging 
and maintaining canals, and marine dredges for river and harbor 
improvements. These three classes comprise many types and uses 
of dredges depending upon the service for which the macliines are 
intended. The general arrangement and method of operation of 
all the types are very similar. 

Construction, The principal parts of a dipper dredge are the 
hull, the power equipment, and the excavating equipment. The 
dbief differences in the constiuction of the different types of dredge 
are in the detign of the machinery, boom operation, and kind 
spuds used. Detiuled views of iflpper dredges equipped with 
bank spuds and with vertical spuds are shown in Figs. 44 and 46, 
reflectively. 

HiHL The hull or boat may be constructed of eithtf wood 
or sted. For marine dredges, where the madiine is to be kept in 
me over knig^Kriods of time and when the cost of nuuntenanoe is 
an imwrtant item, steel hulls are derindile. Fm inhuid operation, 
RS on redawation work, woodten hulls ate prefetable on account of 
•nvaSafaflifr and eoonomy’ of material and tbs ease of asiendd^ 
and 
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The dimendons of the hull depend upon the sise cd the 
machinery, length of boom, capacity of dipper, and width of jchaond. 
In the construction of smaU*«izcd channels, the widdi of the hull 
should be neariy the width of the channel so as to secure the increased 
:«t^bility afforded by the use of bank spuds. The width of the hull 
should bear some relation to the length of the boom, as tlie tendency 
of the dredge to tip sidewise will depend upon the distance of the 
dipi^er from the center of the hull. The length of the hull must 
be sufiidcnt to provide adequate space for the housing of the operat* 
ing equipment, but principally must be proportioned to balance 
the weight of the excavating e<|uipinent in its various positions. 
The depth of the hull is govennsl by the necessary displacement. 



but orrlinarily .should be made with as light draft as possible to 
provide for .shallow excavation. * 

The wooden hull is generally made up of heavy timlnsrs, stixm^y 
braced transversely and longitudinally to form a rigid and strong 
imx. All the outside joints are calked with oakum and tar to make 
the bull water-tight. 

Operating Equipment. The operating equipment is of the 
same general design in idl types of dipper dredges. The. essential 
parts are the boiler, the hoisting and baddng machim^, the swinging 
machinery, and the spud machinery. An interior view of a dipper 
dredge, showring the operating equipment, is ^ven in 46. 

The locomotive type of bdkr is generaOy used <m account of 
hs acbptahjKty to various kinds and grades of fud and its ease 
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of cleaning. The Scotch marine type is used on the smdlor siies 
of dredge and under favorable working oondirions is perhaps more 
economical of fuel, more durable, and safer tl»n the locomotive 
type, but under the usual conditions of poor fud, hard water, and 
severe loading, the latter generally renders the mote eflSdent and 
e<;onomical service. A working pressure of 125 pounds is generally 
u.sed for the operation of the dredge. A feed-wattf heater shmdd 
lie used to .soften and purify the boiler water in localities wh^ 
hard or alkali water exists. A duplex pump and injector supply 



Fig 40. Interior of Dipper Dredge Showing Operating Equipment 

the feed water to the boiler. The wator may be pumped (hrectly 
from the channel or from neighboring wells. 

The hoisting and backing machinery are of three different 
types, de[)ending on the method of transmitting the power: ungk, 
double, and triple hitch. These three classes are provided for by 
the use of a single, a two-part, or a thieeipart hoisting line, lit 
the first class, the power developed by the engine is compounded 
through gears, the hoisting rope being connected directly to the 
dipper handle. In the two latter classes, the power is compoondad 
by means of a sheave attadied to the bail of the dipper. The 
main tngine is of the double^^lindcr, horiaontab aonreveraible^ 
type, mounts on a linwed structund-eted bed.- There are ten 
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dbtims, one f<»r the hoisting cable and the other for the backing 
cable. The drums are generally groo\'ed to hold the first layer of 
cable in place and are controlled by outside friction bands, which 
are (^>erated by steani*actuated rams attached to the spokes of 
the large gearwheel. 

The swinging machinery usually consists of an independent, 
double-cylinder, horizontal, reversible engine, which is geared to 
a shaft carrying a drum at each end for direct leads to the swinging 
circle. The engine is ooiitrollwl by a single, balanced throttle 



Fig. 47. PipfMjr in 0|M;rutiofi 


vaH'e. the smaller siw dredges, the swinging m(H*hanism 
cmisists oi friction drums, gear-driven from the main engine. 

Hie spuds are leg braces which are used to provide stability 
for the dredge during its operation. One is located in the center 
of the rear end and one on each side near the front of the hull. 
Indioed ha«k spuds are used when the dianmd is narrow and the 
haU Is nearly tJie full width of the excavation. As will be seen 
an inspection ot Fig. 47, the upper ends of the spuds are attached 
^ the head fdodc of the A-frame and the lower ends sustain large 
timber pktfdnns whudi transmit tbe pressure directly to the soil. 

m. 
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Short braces connect the lower ends of the spud timbers with the 
sides of the hull, near the feet of the A-frame, Vertical side spuds 
are used on the larger sizes of dredge for wide channel and harbor 
work. In this case, the lower ends of the spuds bear directly pn 
the bed of the stream. The rear spud is always vertical and 
used to prevent the hull from swinging about during the operation 
of the excavating e<|uipment. Each spud is a single, solid timber 
which inov<*s tip and down in an iron or timber box, or guide frame. 
Teeth on a rack fastened to the lower side of the spud, engage a 
pinion on the lower side and at the end of the guide frame. 

The spuds are raisetl anti lowered by means of cables passing 
over sheaves and thence to special drums. These drums are gen- 
erally mounted oti a separate base, and their shaft is connec'ted 
to the end of the imc'king-ilruiii shaft by a jaw clutch, which is 
distMtgagod when the spuds are not being operated. In the larger 
size dretlges an ind(‘pendent engine is placed near each spud and 
o|aTates the spud by a direct gear (‘oiinection. 

Excavating Equipment The excavating equipment consists 
of the boom, dipja^r haiulle, and dipper. 

The l)oom is generally shafx'd like a fish-bellied beam and may 
be made of either steel or woo<l. It is inatle in two sec'tions so 
spaced that the dipper handle may move between tliern. For long 
bexans, a trussed type is used to secure lightness with the requisite 
strength. For long booms and dii)pe‘rs of large capacity, a trussed- 
steel beam is pn^ferable. The boom at its ctmter should have a 
depth equal to al>out of its length. The length of the boom should 
lx* aibout U times the width of the hull with vertical spuds, and up 
to about twice the hull width when bank spuds are used. The 
upper end of the Ixiom is connected to the yoke at the top of the 
A-frame by wire cables. At the outer end also is the sheave over 
wrhich the hoisting cable passes on its way from tlie dipper to the 
fair-lead sheaves, at the lower end of the boom, and thence to the 
hoisting drum. The lower end of the boom is pivoted to the swing* 
ing circle or upper sections of the base casting. 

The swinging circle is a steel circular framework wrhich is located 
}ust above the deck or several feet above the deck when it is neoessaiy 
to secure sufficient swijiging power for long booms. The diameter 
of the circle should be sufficient to pve a direct pull iwm the drums 
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of tibe ^gine and should not be less than i of the hori- 

zontal reach of the boom. 

The dipper handle is universally made up of a, solid timber 
reiidoroed with steel plate.s. Upon the lower side of tlie handle 
is pb)ced the steel racking which meshes with the pinion of the shli)- 
per shaft located on the upper side of the boom, near its center. 
The length of the handle .should lie made about J that of the boom.. 
The dipper is attached to the lower end of the handle by means 
of a pin connection, so that the pitch of the cutting c<lge may be 
changed to suit different chi.sst*s of materials. 

The dipper which is used for the drt'dging of ordinary soils 
is of tlie same ty|)e as that used on steam sliovels. A reference 
to Fig. 47 will show' the general sha)>e and construction. The front 
is ma<le of a heavy manganese-steel plate which is riveted to the 
side plates. The hack i.s n single steel casting which is also rivete<l 
to the side plates. The Iwrtlotn or door is hingc<l to the back and 
is provide<l with a latch which is tripjHsl by a rope extending to 
the crane.sman’s platform at the right side of the bcami. The I'i-w 
or capacity of the dipp<>r varies from J to l.'j cubic yaixls; btit Jf 
yards is the size generally tiscd in work of average magnitude, 
and 3 J yards for large channels and w'ork of gn'at magnitude. Iwirge 
sea-going dredges equipped with clippers of from 5- to lO-yartl 
capacity have been us<h1 for several years < ’t harimr improvements, 
and in 1914 two mammoth dredges, each «pjipj>i*il with lo-yarti 
dippers, were put into oiwration on the Panama Canal for the 
removal of the slides. 

For the excavation of louse sand ami gravel, the clam-ehell 
and orange-peel buckets are very efficient. These are single-line 
bqckets, and the backing cable would not be ased. The details 
ami dimensions of a standanl make of clam-shell and orange-peel 
budgets are given in Figs. 48 and 49, respectively. 

Method of Operation. The method of operation of a dippw 
dredge is very similar to that of a steam shovel, which has been 
previoualy described in the section on Poww Shovels. The crew 
d a dipper dredge consists of an engineer, a craneanan, a fireman, 
and from 2 to 4 laborers, for each shift. A dippw dredge is ordi- 
narily mn on two 11-bour diifts, and hence two complete crews 
are n ecessa i y.* The engineer operates the levers and brakes wbidi 
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control the motions of hoisting, backing, swin^mg, and moving the 
dredge. The cranesman stands on a little ];datform just above 
the s\/inging circle on the right side of the -boom, and controb the 
operation of the dipper as to loading and dumping. The fireman 
supplies the boiler with fuel and has general charge of the <^hng 
and care of the machinery. The laborers supply the dredge with 
fuel, oil, and supplies, and perform the necessary general work 
around the machine. 

As the dippifr and dipper handle slide downward toward the 
face of the excavation, the bottom of the dipi)er clost’s of its own 
weight and latches. When the dipper reaches the bottom of the 
channel, the engineer applies tlie friction clutch to the hoisting 
drum and throws a lever, starting the drum to wind up the hoist 
line. This pulls the dipper upward, and the forward motion is 
n>gulate«i by the tension on the backing line. As soon us tlie dipper 
is clear of the surfac-e and has completed the cut, the engiiuH'r 
throws the hoisting drum out of gear and sets the fri<-tion clutch, 
thus bringing the dipper to a stop. Then the swinging engine is 
sturt(‘d and the boom is swung around to one side until the dipper 
is over tlie dumping place. With a fewt brake, the engineer sets 
tlie friction clutch and stops tlie revolution of the sw-inging drums. 
'I’he crunt-sman then pulls the latch roix:, and this opens the latch, 
releasing the bottom which drops and allows the dipper contents 
to slide out. The engineer then releases the friction clutch and 
reverses the swinging engines, pulling the Iioom and dipper back 
into position for the next cut. As the boom swings around, the 
engineer slowly releases the friction clutch of the hoisting and backing 
drums and simultaneously slightly pulls in the dipper toward the 
ilmlge and lowers it into the cut, so as to produce a prying action. 
As the latter part of the drop is reached, the backing cable is released 
gradually and the dipper allowed to move forward toward the face 
of the cut. The time required for a complete cycle of operations 
depends upon the skill of the operator and the luture of the material 
excavated. The average time for a complete swing should be about 
40 seconds. The most efficient results are secured when the q^eta- 
tions are made smoothly and uniformly so as to cause the least 
amount of lost niorio||(,.and wear and tear on the macfauieiy. 

^After the entire face of the cut has been ranoved within leadi 
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oi the dipptf , the dipper is raised and the bocm dowly swung tram 
side to side to relieve the pressure on the q>uds. VTith the boom 
remaining in a oentnd position, the spud hobts are put in opeimtion 
and the spuds raised frcan their resting places, thus allowing the 
hdi to float ahead toward the face of the cut. With each move, 
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the dradge makes an advance of about 6 feet. Ihe spuds are then 
lowered by releasing the drums, or by revening gears, and the dredge 
b ready fertile next cut. 

• of OffonOotL The cost of operation of a dipper dredge 

wffl depend on the ^ and type of dredge used, the duuacter and 
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magnitudo of the work, the kind of material to be excavated, the 
effiticne> of tlie o|)erator, etc. 

Illustrative llxamfile. As a typical case, the following is a, 
detailefl statement of the expense connected with the operation 
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of a dipper dredge, equipped with a li'^'ard dipper and a 70*toot 
boom, on the construction of a drainage channel along the bottom 
lands of a central western river. The soil is loam and clay with 
no atone and a small amount of stumps to be removed. The channel 
aill be assumed to contain aimut 2.’>()() cubic yards per station of 
100 feet. Two crews work on 1 1 -hour shifts and live on a housclxmt, 
which floats along behind the dredge. The following statement is 
liased on the average output for an 1 1-hour .shift. 

Operating Cost of Dipper Dredge 

Labor: 

1 engineeri ^ S1<)0 month 

I fireman, ^ $(K) ]mt month 

1 cranewnan, (m $75 ih'v inontli 

2 lal>orer8, («) $50 oarh i>f‘r month 

1 cook, $40 ix*r month 

Total labor co«l, per day 
Fuel and JStippliee: 

2 tons coal, $<V(X) 

Oil, waatc, fcr<*aa<!, «‘tc. 

Total cost of fuel and Kiipplioti . 

(feneral anti Overhead Expemce: 


Ikmrcl and Uxlging for crew of 10 iii«*n, pf*r day 


50 

Repairs and inci<lr*ntals 

4 

00 

Interest on investment (^% of $IO,fK)0;* 

I 

.50 

Deprexiiation (10% of $10,(K)0)* 

5 

00 

Total general exfiense 


$14 (K) 

Total Cost of D|ienition for 1 1-hoiir Shift 


$43.00 

Average Output (eii. yd.) 


12rK) 


Unit Cost of Dipper Dr(*dgina, |H»r cii. yd,, $-45 .00'4‘ 12(K) « 00.03fi 

• Field of Usefulness. The dipper drtMlf^e the lx!st known 
and most popular ty]>e of excavator ust^d in the constntetion of 
dnunage channels. Most of this class of work must be done on 
low, swampy land, where it is difficult for anything but a boat to 
move about. The dipper dredge with its large liearing area and 
shallow draft is espemlly adapted to operating under these con- 
ditions. Where the soil is too soft to support the smaller types 
^ diydand excavattHrs, and a oonsidetable numb^ of large stumps 
Must be remo ved, die nnallo' lateral ditches a' dnunage system 

^ SOS days iaayMraailatO.i'cwUi*. 
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can be excavated more economically with a small dipper dredge 
than with any other type of excavator. 

In many cases it is cheaper to use one of the smaller sizes of 
dipper dreilge (having a lC>foot width of hull, a 40-foot boom, and 
a 1-yard dipper), ami to excavate a ditch twice the necessary' inze, 
than to use a smaller machine of another t^^ie to dig a channel 
the size recpiirecl. The most economical size of channel for the 
operation of a dipper dre<]ge is one with a bottom width of 40 
feet and an average depth of 10 feet. When the CToss-««ction 
of the channel becomes greater than this, the cost increases until 
a cliannel having a cross-sectional area of al>out 1200 square feet 
is reached, when the use of the dipper dredge is no longer efficient 
or practicable. 

The channel w hich a dipper dredgt‘ exca\ ates is rather uneven 
in croas-section and does not liave smooth side &lo{)es and true 

V 


fig SO Bt'ctloo of Ditth Coimtnif ted li> t’lvating Dipppr Drvdgo 

bottom grades. The form of ditch excavated by this machine 
IS shown in Fig, 5(). After several years’ use the channel will assume 
a general semicircular section. In shallow channels, or those 
where the stream flow is small during a large part of the year, 
(considerable reduction of tlie cross-aection may be caused by the 
deposition of silt and dfbris and the growth of vegetation, 

^ The dipper dredge is one of the most versatile of modern 
excavators as it can excavate all kinds of soil from silt to loose rock, 
pull stumps, remove boulders, bridges, and other obstructions, 
drive piling, build earthen dams, and perform many other duties 
which may arise during the course of operation, 

LADDER DREDGE 

Oeneral Characterlrtics. The elevator or ladder dredge iMe 
been little used in this* country, except in the West and in Aledka 
f<Hr^acer miidiig^ but whidi is very popular and of nearly uniVMNd 
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use in Great Britain and on the continent. Since 1900 the ladder 
dredge has been used on large waterway construction; notably 
the Chicago Drunage Canal, the New York State Barge Canal, 
and the Panama Canal. 

* Construction. The ladder dredge consists of a hull on which 
is plliced the operating machinery and the excavating equipment. 
I1ie operating machinery includes engines for the operation of 
the elevator, the belt conveyors, the hydraulic monitor, the spuds, 
etc. The excavating equipment comprises the ladder frame and 
ladder, and the means of disposal of the excavatetl material, con- 


. If/'' 



Fig. 61, Etevator Dradge Excavating Larga Drainage Ditrli 


sUting rither of a hopper and a discharge channel, or of belt convey- 
ors. 'Hte placer dredge is provided with a revolving screen and dis- 
tnbuting channels for the separation of the gold from the gravel. 
A general view of a laddw dredge excavating a large drainage 
cfaannd is shown in Fig. 51. A detailed view of an electrically 
<q>erated placer dredge is shown in Fig. 52, and detailed views of 
a ladder dredge especially desqpied for canal excavation are given 
in Fig, 53. , 

The hull or ba^ is duped like a rectangular box and is 
generally built of heavy timbers. hull may be built as one 
. etrogtare wH^ a well thiou^ the bow tot the passage of the ladder. 
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or as two members with a space between. Tlie latter type is some* 
times used .so tliat the excavator may be passed in sections throng 
narrow structures such as canal locks. 

The si/.e of the hull depends upon the capacity of the dredge. 
The length, which varies from 50 feet to 125 feet, is generally abdut 
five tinujs the width, which varies from 30 feet to 50 feet. The draft 
of u ladder <lredKe in working condition is from 4 feet to 6 feet and 
the depth of hull should be from 6 feet to 10 feet. The hull should 
Im* .strongly braced Imth transversely and longitudinally and made 
watertight by well-culkwl joints of the outer planking. A few 
hulKs have hwn made up of 2 steel-framed pontoons connected 
by steel cross-frames. For. jM^rmanent work this type of hull is 
better than the Winnlen structure, as it is more rigid and durable. 

Operating Equipment. Tlie power for the operation of a 
ladder dredge may l«5 either steam or dcctrii'ity. 

.'N‘veral indc[M>ndcnt engines arts required for the different 
IxTfonnams's of 0 |K-rating the ladder, the l)clt conveyors, the 
revolving screen, the spuds, swinging the hull, etc. These separate 
engines are une<’onomic(d in the u.se of sU^ain and hence it is often 
u<lvisjible. to generate electric jmwer by a .steam plant and operate 
ea<'h engine by an indiviilual ek'ctric motor. When several dredges 
are working in the same locality, it is niost economical to locate 
a iH»wcr plant on shore and to tran.smit the electric current by wires 
to the motors on the inachinc.s. An economy in the use*of electric 
power is tlie saving of hull room by the elimination of the boiler 
and steam engines. 

I'he operaring equipment for a steam-operated dredge con- 
sists of the boiler and engines for the various motions. The boiler 
is generally of the Scotch marine type and is mounted on the floew 
of the hull in tlie rear of the dredge. It should be of more than the 
theoretical estimated capacity to supply the engines and be operated 
at a working pres.sure of about 125 pounds. 

The engines are of the borixoiitai, doubk-cylinder type, whiefa 
have lioen desc'ribed in detail for stemn sAmvels and dipper dredges. 
These engines are geaiHoniiected to the drum or windi gaadiinay. 
The drums are controlled by outride fricrion djgrtebea actuated ’^ 
srnlh rams. Independent gear drives for the revolviiig seraen' 
and ladder are often (^ilhrted from the main engine by Invalid pafiegr 
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connections. However, separate engines are generally used for 
the operation of the sijoil conveyors and spuds. 

A centrifugal pump, driven by a separate engine, is generally 
used to furiii-»h water for a hydraulic monitor, for the hoppers and 
revolving screen, and for the perforatc<l pipes which extend along 
the si(l(»s (jf the belt con\e\or for elcMm^ing purposes. Steam ptuhps 
of standard tyi>e are used to supply the condensers, feed-fwater 
heaters, and boilers wdth necessary water. 

Wlien electric power is uscsl, individual motors are generally 
iiiounted on the W'ineh drum or drive frame and gear-(‘onnected 
by a pinion. These motors may receive eurn*nt from a generator 
o|)erated by a steam plant on the dreclge or from a steam or waster 
power plant located on the shore. 

'Excavating Equipment. The excavating equipment (*on.sists 
of the gantry, ladder frame, and chain and buckets. 

The gantry is an itK*Iined framework c-omposctl of tiinlxT or 
structural-steel ineinlHTs^ .stnaiglv framed together. The frame 
is plaee<l at the bow of the litill and is held in iK)Mtion by braet‘5 
extending to the front end of the hull. Sheaves at the top of the 
frame carry the c*ables which siipp(»rt the outer and lower end of 
the ladder frame. The gantry lla^ a height of from 15 feet to .'10 
fc<‘t, Vig. 61. 

The ladder fruine is generally a htruetural-steel framework 
.sluqied like the boom of a dipper dn*ilge. The length of the frame 
varies with the size and eupaeit> of the dredge and the depth of 
tlu? proposed* excavation. The upi^r era! of the Imlder frame is 
hinged to the upi)er tumbler shaft, while the lower end is susfK uded 
by lieavy taeklp from the gantry. The frame carries tumblers 
or large, hexagonal, steel barn*U at its ends. The upper tumble^ 
is revolvt'tl by power supplied from the main engine through a 
shaft, while the lower tumbler is revolved by the friction ql the 
bucket chain. 

^The chain is conipospcl of a continuous series of buckets, linica* 

connecting pins. The buckets tire cup-shaped and made of three 
aootfxms, strongly riveted together. They have capacities vary^g 
ci^c feet to 13 cubic feet. Th^ are plat^ in “open” or 
Older— 4liat U|^eunaecuti\*ety, or with open ^lifdi^J^weea 
idjii^tbucket^^ iffhethcr ^ ^ Or htriL 
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The movement of the bucket chains is dow and uiuform and 
is such as to feed from 1 5 to 20 buckets per minute into the bed of 
the str«>ain. show s a section of a chain with '‘close" order 

and Kig. 54 shows tl>c buckets provided with teeth for the excava* 
tioii of dense, hard inuteriaK 

One or two spmis are gt'itt'rally placed at the stem oi the bull 
to provide for the sfhbility of the dnsige and for its lateral inovemeMt. 
Tlicy are usually of a single tiuilkT with a ]M>inted sh(H‘ 

at tlie lower end and arc opiTuted by separate engiikcs of the type 
us(*d on the floating di|)|XT dredge. 



r>K A*! of ( bun t Hifl on LuibUr Ur'*Uffo 


Material Distributing Machinery. The disimsition of the 
»*xcavate»l material ileiKsids uikmi the charwter of the work. In 
placer-mining o{x‘rations, Sjie dn*dgc is provided with a hopiier 
into which the material falls. TIh'ii the material paitses through 
a tckolviug screen and uimid u screen trough where the gold is 
(‘•dlectetl by amalgam plates. In tlie ext'avation of (sitials or stream, 
beds tlie materials pass from the ht^fier iiijp a ehutc or trough 
%biefa dischaiges into liargcs, as shown in Fig. .W, or directly 
from the bucket chain to belt conveyors which carry it to the spoil 
banks aluijg dther ride, of the channel, Fig., 51., In some cases, 
wbjSjh tbi ma^fudal is to be conveyed for some di^nce, the ooii* 
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v^or is placed at the stem of the hull and discharges into a 
series of other conveyors supported on pontoons. 

Method of Operation, The outer end of the ladder is lowered 
until the bucket chain is in contact with the bed of the stream. 
Each bucket in the rev'olution of the chain, removes a slice of 
material as it comes into contact with the soil. At the top of the 
ladder, the bucket^in turning over the upper tumbler, dump their, 
contents into a hopper which discharges into a Screen or directly 



Fit* Ladder Oredgr Provided wjili Troutlr fur l>wcharging Kacavaiiou into Barges 


upon a belt conveyor. The ladder is gradually lowered as the 
i^vation proceeds. 

l^e dredge is swung, from side to side across the channel by 
adre cables attached to trees along tlie shore and to wtudt dnnns 
bn tiie hull. To move the dredge ahead the spuds are altematdy 
taiaed and lowered, as the dredge is swung from one side to tfad 
otliwC 

' ^When hi|^ baidca are to be> removed it is customary to oae r 
laiyi hydraulic momW, whidh is placed near the ladder ftune 

m 
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and a^>ove the deck of the hull at the Ik)w. Fig. 57 shows* an ele- 
vator drt'flge, <‘t]iiipia‘d with a monitor, excavating a large irri- 
gation canal in the West. 

The iriachiner>' of the <lredge is usually controlled by an operator, 
who is located in a small cal)in plaml near the l>ow and above 
thf* machinery house. Besides the o|)«Tator there are rtxjuirecf an 
engineer, who has general charge of the machinery, a fireman W'ho 
runs the boiler <»f the steam equipment, an oiler, a deck hand for 
general service on the dredge, a man who lias (diarge of the ofHTa- 
tiori and control of tlic conveyors, aiul one or more men who have 
charge of the shore conveyors or barges. 

Each dredge requires the S4Tvie(^ <if I tug and from 4 to 8 scows, 
depending upon capacity of the tlrcilgc, size of channel, character 
of materials, etc. The scows may be of steel or timber and are 
generally of the hottoinHlumping tyjw" with s<‘veral irulepcndcnt 
eomimrtinents. 

Cost of Operation. .\s elevator flredges are generally built 
to nm*t s)arial conditions of siTvice, it is difficult to give any a(‘curate 
statement of the aNcrage eo>t of o|H‘ration. However, in onicr 
to suggest the cost of opt*ratiou in canal excavation, the following 
.statement of the use of ladder ilnslges in tin* eoristruc*tion of an 
irrigation (anal on a lleelamation Service projc'ct is given. 

Example. The (diaiimd had a total length of about 
20 miles and in many pla(TS the banks were high on one or l>oth 
sides. On fills and shallow cuts, bulkheiuls were built along the 
right of way on the lower bank to keep the wet inatoriai from flowing 
on to adjacent fields. The material exeavat(Hl varitsf from a l(x>se 
gravel to hard pan, wliieh in plnci^s had to W. blasted. 

The dredge ustnl was a Bueyrus ladder dredge, cx|iupped with 
steam jHiwer and a IfJ-cubi<^foot continuous bucket chain. The 
htiU was built of tiinlicr, with a length of S2 feet, a width of JJO feet, 
a depth of (» ftx't fi inehes, and drew 5 feet of w’ater. Steam was 
biniished by 2 locomotive-tyjie IhmUts, 44 inches' in diameter and 
18 feet long, and having a rated capacity of 80 horsepower. The 
main drive and ladder hoist were driven by an 8xl2-iiich double 
hcurixontal engine of 70 horsepower. The , winch machinery for 
operating the spuds and swinging tlie dredge was driven hfy a* 
2-cyJinder, GxfWnchyilottIde horizontal engine of 20 horsepower. 
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The belt conveyor) were opcratmi by two 7XlO>inch, aingle^ylinder, 
ecnter-crank, horizontal cnKincs of IS horsepower. A No. 1 Hendy 
hydraulic giant was mounted on the Imw of the dredge and water 
was forced through it by a 2-stage, tblneh, centrifugal pump, belted 
In a 10xl2-iiich, singIt'-cyUnder, iipright engine of SO horsepow'er. 
The. giant was us).-*! t»» nnnove tuuiks almve the water level and 
beyond the reach of the bucket chain. Two Iwlt txmv'ej’ors, one on 
each side of the dnslgts wen* u.sed for the disftostd of the excavated 
material. Each <‘oriveyor w’as 72 fet't long and consisted of a steel 
framework su|)|M>rtiiig a 7-ply, S2-ineh, nil>ber conveying belt. 
Fig. 57 shows the <ln*«|g)* in o^wration. 

The op(*rating fon-e consisUsl of S in<*ii and 4 horses. Follow- 
ing is a schedule of the lalM>r €*X|»ensi‘ jht <lay. 

Expense Schedule of Daily Labor 
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The following tabulation giv)*s the total and unit cost of tlic 


work. 


Cost of Work by Ladder Dredge 


^Karavntion of 920,723 ni. y il ) 


DivinioK 

! Tr.l»l 

Tnil 

(per CM, yd > 

Labor (drrdgp) 

Labor (apail bank ) 

Fuel 

Plfint Mainicnaiif*ff 

Pkumt Depreciation | 

33,043.07 

ft2;}27.40 

41,432.53 

$0,030 

0.034 

0.036 

0.057 

0.045 

Total ! 

«l87,inS2.dO 

so. 202 

Eopneefing anfl Ailminwtration | 

28,154.41 

0 031 

Grand Total 1 

I21A077.10 

to.2;« 


FMd of UsrfuiaetHL Theekvator dredge has been untvenudly 
used in Europe for harbor and canal excavation and notably on 

m 
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the construction of the Sues Canal, the Panama Canal, and the 
New York State Barge Canal. In this counti^ the ladder dredge 
has not <!ome into general use on aet^ount of the high initial cost 


of the plant. The average American 
eontra<*tor prefers to use a dip])er dredge 
casting alwut $40,000, rather than a 
ladder dredge requiring an investment 
of about $100,000, in onlor that he may 
.secure imnuHiiate results on a less capital 
charge. 

TIk? elevator dnslgc is efficient in 
the excavation of all clas.sos of rnaU-rial 
from silt to hanl pan and the softer 
•stratiliwl rocks, I'his dri'dge (‘annot 
work to advantage in narrow channels, 
and hence is not adapted totheexcavii* 
tion of small canals and <iitclu‘s or the 
dnsiging out of narrow rivers. In such 
cases the dipf)er dr<slgc should be iiswl. 
When the banks are high, difficulty is 
ex|HTienced in depositing the excuvuted 
material. When the banks art? low, 
dikes or bulkheatls must Ih? erected It^ 
prevent the soft niuterial frtjm fltta'ing 
Imck into the ehaiuiel or tiver adjacent 
land. When the sides of the ehatinel 
are to be sloped, the luieket elmin must 
tie gradually raised and lowenxl as the 
.dredge is swung over to the sid«*. 
Trouble is often cxperieiieed in the 
operation of the siKiil txinveyors and 
watt^* jets are required to keep them 
clean. 'Die excavated material is gen> 
endty 80 wet that the deposition of the 
materiid in unifomt spoil bank.s along 
Uie shore is a difficult matter. 

Hie prtqier sphere of UM^ulneas of 
the ladder dredge is in large canal, river. 
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and harbor work, where there are niHde, long reaches and a large 
amount of dense material to be removed. In such cases, the scow 
method of removal should generally be used. 

HYDRAULIC DREDGE 

During tluj last twenty years, the great improvements in the 
rivers, lakes, and harbors of this country have made a demand for 
an excavating machine of great iK>wer, capacity, and efficiency in 
the removal of large quantities of the looser soils. The reclamation 
of the great tidal marshes along the Atlantic and Pacific coasts 
and tlie cleanitig out of the channels of the larger rivers, canals, and 
harlxirs are being (^nitinuully carrie<l on by the Government. The 
most efficient and c‘(M>nonHciil <*xcavator for this class of work is 
the hydraulic or suction drtnlge. 

Construction. The esM*ntial parts of a hydraulic dredge are 
a revolving cutter, a centrifugal pump, and the machinery to drive 
it, and the barge or hull. Detailed views of a hydraulics dredge 
art? shown in Figs. .IS and AO. 

The hnll is usually rec'tangular in shaiH‘ and has a length of 
about dj times its wi<itli. I'be size of the hull de|>ends on the 
ca[)acity of tin* dredge. The depth varies from 0 feet to 15 fet^t, 
j)rovidiug a dnift of from d ft*t*t to 0 b^et. Hulls are constructed 
of wmal or stetd, but the? latter material is the preferable on ammut 
of it.s greater strength, durability, and rigidity. ( *ros.s-frames 
of stefd or wockI are placed on about 2-ftK)t (inters and coniit*rt 
the keelsons and deck beams. This framework is covertHi with 
sttTl plates or heavy wcaxlen planking. The winch machinery is 
phuisl on an iip{HT deck while the piiiiiping machinery is placed 
on a lowt*r <le<*k. A suijerstnicture houses the machinery and con- 
tains the ofM?rating riKiin and u.suully living quarters for the <tcw, 

, At the stem of the hull is locates! a vertical frame from which 
are sus|)emiiHl two spuds by means of sheaves and cables leading to 
tlwf winch drums. The spuds arc generally single timbers of fir, 
pine, or oak, and are of .sufficient length to reach the bottom the 
exe.avation at high waiter. 

OfieratinK EquipmenL The o|:^rating equipment of a hydraulic 
^dredge consists of the wiuch or hoisting engine and the pumpmg 
equipment 
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The hoisting engine controls the movement of the barge, the 
operation of the ladder and of the spuds. It generally consists 
of 5 drums which are mounted on a single base and operated by 
a double-cylinder engine. I jkmj the forward shaft, the drums on 
W'h side swing the dredge and the center drum is u&ed for the 
rfising and lowering of the outer end i>f the laiider. The two rear 
drums o]>erate the two spuds at the stern of the barge. In some 
cases a separate engine is used to o{>crate the spuds. 

The pumping machinery coiKsists of a mitrifugul pump and 
the engine to operate it. The pump is the most important element 
in the construction and o{)eration of a hydraulic dredge. The 
exi-arattsl material is drawn up through the suction pipe and dis- 
charged through the di.schiirge pipe to scows or to spoil banks on 
shore. The pump con.sists of a shell or casing of oirtmlar form 
with two apertures, one on the periphery and the other at the 
center of one side. Inside this shell revolves a .set of vaues mounted 
on a shaft which extends through the center of the casing and is 
usually direct-connecU*d to the engine. The vanes are gcn*n»lly 
made in two sections; the inner sec’tion, which is made as a part 
of the shaft; and the outer sts'tioii.s which are setmrate picce.s 
lx>lted to the inner section. The abrasion by thtt mati^rial }>a.ssing 
through the pump is largely on the outer .sections of the vanes, 
which can be easily unlwlted ami re|ihcerl. The opening in the 
center of the side is the admis-sion orific*- to whi<-h the sgetion pipe 
is attached and through which the material enters the casing. The 
steel suction pipe is ordinarily from l."> to dO inches in diameter and. 
varies in length from 10 feet to 60 feet. 'I'o the periphery of the 
(using is attached the discharge pifa*. which varies in i^meter 
,froni 0 inches to 4S inches. A 20-itich centrifugal pump is shown 
in Fig. 60. 

The pump is usually direct-connected to a steam engine of 
the vertical, marine type. For the small sizes and capacities, 
compound engines are used, but for large capacities, hanl 8er\'ice, 
and bigh heads, triple-expao.sion en^nes are used. 

' Excawting Equipmant The excavating equipment of a 
bydraulH: dredge oemsists of the gantry, ladder, and cutter. The 
excavating equipment of a small dredge is shown in Fig. 61. 

The gantry is a doable, inclined, timber frune whi^ cables 
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the sheaves over wliieh pass the cables for raising and lowering 
the outer end of the ladder. 

The ladder is a stwd-framed ginier w^hich is hinge<l to the Ik)w 
of the hull at its iriuer end and suspended by cables at its outer eiul. 
On the upper si«le of the la<lder is plaecfl a gear-o|>erate<l shaft 
which drives the cutter and the suction pi]a'. 

The cutter is a sc'ries of knives wduch revolve alxnit the ho(xi 
or circular inouthpieoe of the suction pipe. The type of cutter 
list'd dt'pends upon the character of the material to hi\ excavated; 
a heavy, chrome-steel head Ixniig list'd for hanl materials and whcrt* 



Fig. 6(1. Ceufrifitfiit Pump of Ilj'tlniulic Dredg* 


iKMiIdcrs are prt'valent, while a light, open constraction b used 
for soft materials and in places where brush and roots occtir. 

Electric Pow«r for Operation. Dating from alM>ut 1910, the 
prevalence of cheap water power has led to the use of electric power 
for the operation of hydraulic dredges in several cases. The dec- 
trical equipment includes the wound-rotor of motor to operate 
tho cutter, Uie hoisting engine, the pump, and the spueb. 

On isolated work, where fuel would be expends'e on aeoount 
d high tran^M^tion costs, but where water power b avaibbb, 
<Mr in the poudinity dflarge dties where electric power from large 
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steam plants is obtainable at low rates, it will be found mme econom* 
ical to carry a branch transmissbn line to the dredge and use an 
electrical equipmeift. The advantages of ctnnpactnesa, deaniin«)S, 
^and efficiency, which have been previously discussed for the laddfar 

dredge, are as apfdicable in this case. 

# 



Kig. 61. HytlrauUn l>n><iiR on Paiuil C.4>n«tmetina 

Cowlnt^ ttf lirfiU Lakrut i}rMqif end 0ork f'Au'oga 


Method of Operation. The dredge is held in position by cables 
which extend from the main or hoisting engine to anchorages on 
either side of the bow, and by the two spuds in the stem of the hull. 
By alternately Raising a spud and winding up and unwinding the 
cables, the dredge may be swung from side to side so as to cover 
a wide area. 

Tte ret'olving cutter excavates the matmal, wrhich may vary 
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frutn silt to lianl pan. The disintegrated material, diluted by water, 
is sucked up through the suction pipe into the pump and then forced 
out through the discharge pipe which is carried by pontoons, and 
discharges into scows or out upon an area which is to be filled in. 

Cost of .Operation. It is impossible to give any accurate 
statement as to the average cost of excavation with a hydraulic 
dredge. Such a dredge on work of any magnitude is usually made 
c.specially fur the particular conditions at hand and the cost of 
operation may vary within rather wide limits. 

Jllmtrative Examine. Following is a typical labor sche<lule 
for the o{)eration during an 8-hour shift of a hydraulic dredge 
equipped with a 20-inch centrifugal pump. 

Labor Expense Schedule 


.Movtui.v Uatm 

1 opt Tutor 

$100 00 

1 OllgilUHT 

100. (X) 

1 t'llgifUMT 

SO (X) 

firomrii, (a* $70 curli 

210 00 

1 Mpiidmun 

tX).(X) 

1 oiltT 

50 (X) 

4 d<Tk hivritlH, (a; $50.00 uiu*li 

200 00 


The average cost of operation woulil dcfiend upon the sizt* 
and capacity of the dretlge, the character of the material, efficiency 
of operation, kind of jjower u.sed, etc. Records of recent work show 
a range of from 4 cents to 15 ct*uts per cubic yard for materials 
vaiying from .sand to indurated gravel. 

Field of Usefulness. Hydraulic dredges have been in use 
for the lu.st half centuiy% but their greatest development has lieen 
iiuring the last two decades, since 1895. In Europe their use has 
betm largely in the maintenance of channels in the large rivers 
and in the construction of great canals. In this country' they have 
brfn used principally in the reclamation of low, wet lands, along 
rivers, lakes, and harbors, the construction of great artificial water- 
ways, such as the New York State Barge Canal and the Panama 
Canal, and the maintenance of channels in large inland waterways, 
such as the Mississippi River. 

The earlier types of hydraulic dredge were provided with an 
agitator and water jets at the mouthpiece end of the sucrion pipe, 
and hence they could Kandle only the softer smls, such as silt, sand. 
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and clay. In recent years, however, the cutter head has been 
develojKjd in different forms, and very hard dense soils can be 

loosened and broken up sufficiently to 



l)e discharged through the pump. 

The hydraulic dredge is not an* 
economical tj-pe of machine to use io 
the cor^struction of levees or in canal 
excavation where the disposition of 
the excavated material must be made 
within a confined space. The material 
as it emerges from the discharge pii>e 
is [in such a [high state of dilution 
that it will not remain in place unless 
eofifined within banks or bulkheads. 
Some method of removing the sur- 
plus water in the discharge pii>e may 
Ih? used effectively; one such inethocl 
Uing the installation of overflow 
strainers placed at intervals in the 
upper sections of the pipe. 

This type of dredge is unique 
among excavators in its ability to 
discharge the excavatt*d material in 
any direction and at a considerable 
distance from the site of the excava- 
tion, This wide range of disposal is 
of especial value in the filling in of 
waste lands along waterways. 

SUBAQUEOUS ROCK BREAKERS 

LOBNITZ ROCK CUTTER 

For use in connection with the 
beds of channels through very indu- 
rated materials or rock which must 
be broken up before the removal by 
dredge, there are two radically diffejv 
enttypesof rock breakers: tbeLob* 
mt9 rock cutler; and the drill boat# 
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The Lobnits rock cutter coadsts of a heavy chisel of steel, 
wdighlng from 4 tons to 15 t<Mis, and quipped with a hardened* 
steel cutting point. The chisel is raised to a height of from 5 to 
10 feet and then dToj>i)ed upon the surface of the hard material. 
The impact of the falling point serves to splinter and fracture the 
material so that it can be removed by the dipper of a floating dipper 
dredge, or by the buckets of a ladder dredge. The cutter is capable 
of breaking up the hardest rock, in layers 3 feet thick at a rinte. 
The cutter is mounte<i on a hull composed of two barges, rigidly 
connected by cross>frames. The details of a Lobnitz rock cutter 
are shown in Figs. 62 and 6.3. 

In Europe, where this form of rock breaker is in general use, 
the ladder dredges are often provided wdth several picks or chisels, 
kwated in a well alongside of the ladtler. The.se chisels are placed 
about 2 feet apart and are operated singly or in unison. The picks 
are generally made of heavy timbers which are provided with hard- 
ened-steel points. The buckets of the ladder dredge are made 
especially heavy and provided with teeth on the cutting edges. 
With a 10-pick la«l<ler dredge, an excavation of 4.3 tons of iuwrd 
rock per hour has been made. 

THE DRILL BOAT 

Speed a Characteristic. The Lobnitz rock cutter has not found 
favor in this country on account of its s!->w siHwd and cumbersome 
method of operation. Hence, a drill boat has been devi.scd and 
this machine ases the standard steam-actuated percussion drills, 
which provide great lifting and striking power combined with a 
larger number of blows per minute. 

The drill boat consists of a barge equipped with a spud at 
eadi comer to support it upon the bed of the stream during the 
dr illing . Each of the four spuds is operated by a pair of independent 
geared to a rack on the side of the rimber. When the drills 
are in operation, the spuds are forced down until the boat is raised 
above the bright of normal flotation. The constant elevation of 
the boat is maintained by the automatic regulation of the steam 
presBure in the ^ud engines. 

The drills are steamK^terated percussion drills, similar m 
defsi^ and (^ratkm to the ordinary steam drills used in di^fing 
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B4. Drill Boat Operatinc in a Harbor Channd 
of Great fjake* Dredge aad Dock Company, Chicago 
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im iand. Hie jnston diameter is from 5^ inches to 6^ inches, and 
thadrins are mounted on movable sted towers, which run on a 
traw along the side of the barge. The drills may be raised or 
lowered along vertical giudes 15 feet to 50 feet in length. Tlie 
feed of the drill is controlled by hydraulic plimgers having a stroke 
eqialing the length of the guides and moved by long screws which 
are operated by small engines. The towers are moved along the 
track by steam or by hydraulic power. 

A view of the drill side of a drill boat drilling and 
blasting bed rock in Boston' Harlior clianncl, is shown iu 
Fig. 64. 

Cost of Operation. The output and cost of operation of a 
drill boat depends ufran the number and size of drills, tlie character 
of the rock, the depth of excavation, etc. It is impossible to state 
any general rules which may be used in this class of work. The ^ 
follondiig statement is fpven as a typical cast' of the use of a drill 
boat in chainnel excavation. 

inuMratiee ExanijJe. Tlie work c!on.sisted in the excavation 
of a sliip channel, 2(X) feet wide and 17 feet deep, in a large rivi r. 
The material was a verj' hard limestone n>ck occurring in strata 
from 20 inches to 30 inches thick. The work w'as carricfl on in a 
stream having a current of from 8 miles to 12 miles an hour, in an 
area of turbulent water. 

The drill boat was equipped nith fear .Viiich drills, which 
operated through four slots, each 20 ftH't long and 18 inches wide, 
and located in the forward part of the barge. The drill frames 
carried steel drill spuds with pipe guides fur the drill bars, and were 
arranged to move along tracks the length of the wells. Thus ear'h 
drill made several holes at each set-up of the barge. Holes were 
*drined and blasted in groups of four. The nx’k was" drilksl below 
grade to a depth equal to half the hole spacing, which was alxiut 
6 feet. The dynamite used was proportioned on a baius of almut 
1 pound to a culric yard of rock. 

The baige wag suiqxMted on four 20 X 20-inch power-controlled 
tpuda. Oear drums operated five If-mch brea.sting chains, one 
leading upstream, and two over each side. Each chain was attached 
• to an andhor wdi|^ng about 1 ion. 

The nmotfaly cost of operation is as follows: 
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Ijdbar: 


Operating Cost of Drill Boat 


1 captain 

$100.00 

4 flrillcr«, @ $75 . 00 eocth 

300.00 

4 hf4pcrfl, $^10.00 each 

120.00 

1 fireman 

• 30.00 

1 machinwt 

05.00 

1 blacksmith 

70.00 

1 hclp(?r 

:io.o() 

1 blaster 

60.00 

1 helper 

.^5.00 

1 cook 

30.00 


Tot al labor expense?* pejr mont h $H40 . 00 

Bmrd atid 

10 iwn, @ $12 00 each, imt month $192.00 


Fuel nrui Supplies: 

tut tons coal, @ $4 . (K) 

Oil, and wiiste 
Blacksmith's coal 
Steel, iron, and supplies 

Total fuel and supplies 

Grand total, per month 
C>)st of DrillinKt ]ht <(rill hour 
Cost of Drilling, ikt foot drilUni 
Avenige Depth of Drilling, fM;r I 
Depth of Drilling (ft.) 


$240 (K) 

40. tX) 

1.5.00 
.52. (K) 

$347 00 


$1,. 379. 00 
1.10,5 
0.040 

(ft.) 21 

Oto 11 


Field of Usefulness* The two types of rock breakers are 
very efficient for subaqueous rock drilling and give results which 
compare favorably wth drilling on land. 

The Lobnitz rock cutter w'orks most efficiently in shallow 
cuttings of stratified rock, which is easily shattered. The drill 
boat, of the American type, does its most efficient w'ork in hard 
rcKrk of depths of over 3 feet. 


TRENCH EXCAVATORS 

CixftMcatioii. The great amount of trenching necesatated 
construction of sewer, water-supply, and draim^ ^stntns 
iuks 1^, in recent to the devetopmient and use ci eitcavatorB 
ei^^iaaliy adapted to' this class oi work. These madunes 

are eifioiait and economical than hand labor on wrak of any 
'magnitude. • > 
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Trench excavators raay be divided into two general classes 
as follows: 

(1) Sewer and water-pipe trench ex<!avators. 

(2) Drainage-tile trench excavators. 



Fif. US. Ti»y«liBj| Derri^ on Tfnooh ISMvniaon Wmit 
(TtHPfaw BoittiM Matkinunf C^pan^t CU^Band^ Ohio 
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PIPE-TRENCH TYPES 

This class of excavators embraces five distinct types eta fdlows: 
the travelin;; derrick or locomotive crane, the continuous bucket ( 
excavator, the trestle-cable excavator, the trestle-tntck excavator, 
and the tower <*ableway. 

TRAVELING DERRICK 

The traveling derrick or locomotive crane is a very useful 
and adaptable t^iie of excavating, hoisting, and conveying machine. 
It has been serviceable in many lines of construction work as the 
machine may be used for excavation, transportation of various 
kinds of materials, loading and unloading wagons, cars, barges, 
etc. In this di.s(>ussioti, we will consider the machine only as a 
trench excavator. 

Construction. The essential imrts <»f a traveling derrick are 
the car, the hoisting engine, and the derrick. The machines are 
made in caimcities varying from .3 tons to 20 tons. A machine on 
trench excavation is shown in Fig. 65. 

The car is a steel-frame platform w'hich supports directly 
the ca.st-iron turntable bed and the counterweights. The platform 
is mounU‘d on a 4-wheel truck, equipped either with broad-tired 
wheels for road traction, or with standard railroad wheels for the 
smaller sizes of crane. The larger sizes, generally above 10-ton 
capacity, are mounted on two 4-wheel trucks, equipped with stand- 
ard railroad wheels. The car is proAoded with drawbars for the 
4-wh«iel type, and couplers, steam brake, grab handles, steps, etc., 
for the 8-wheel tyjje. 

Operating Equipment. The power for the cranes may be 
steam, electric, or that furnished by an internal-combustion en^e. 
Ordinarily steam power *is used, but the other kinds would l£e 
more economical when the cost of coal or wood is high compued 
with eleitric power and gasoline. 

The steam equipment consists of a boiler, engine, hmsting 
modhanism, rotating medianism, and travelii^ mediani.«gn. The 
bmierisof the vertical, tubular t^iie, and should be capable of Work- 
ing at a pressure of 100 pounds with quick-steanung qualities and 
large steam capacity. The engine is usually of the vertical, double* 
cylinder provided with Unk-motiem revming gear, wide- 
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ported slide valves, ete. The hoisting mechanism conasts of a 
doublfMlrum winch. The hoist drum is driven from a friction . 
clutch on the main engine shaft. The shell drum is operated fron# 
the hoist drum by a slip friction. Both drums are controlled t>y 
friction-clutch brakes, lever-operated by one man. The rotating 
mechanism consists of 2 friction clutches driving a chain of gears. 
The upper platform, w'hich supports the operating and excavating 
equipments, can l>e revolved in either direction through a complete 
circle. The traveling m»-hani.sm consi.sts of a .set of gears driven 
by a friction clutch on a .shaft geared to the crank shaft of the engine. 
The machine may be moved in either direction. 

Excavating Equipment. The excavating equipment consists 
of the boom or crane, and the dipj.»er or bucket. The lKM)m is a 
steel-frame structure, hingtsl at its lower end to the front of the 
upper platform, and supported at its outer and ui>p<‘r end by guys 
extending to the rear isirners of the ])latforni. At the outer end 
of the crane is the sheave over which the hoist line passes on its 
path from the firura to the bucket. 

The bucket or dip|)er may be a grab bucket, of the orange- 
peel or clam-shell tyjie, or a drag-line dipi>er. The former is used 
for the ex«“avatiou of stdter soils while the latter is more serviceable 
in tlie removal of the denser and hanler soils. In the latter case, 
a sf'parate drag-line drum must l>e pntvided in the hoisting 
mechanism. A traveling derrick using a drag-line bucket in canal 
construction is sht>wn in Fig. OG. 

Method of Operation. A traveling derrick i.s operated hy 
a crew of three to ten men, depending u!i the amount of extra lalatr 
uetH.ts.stiry. .\n engineer controls all the operations of excavating, 
n>tating, and traveling, a fireman opt;rates the boiler, a .signaluuui 
is often necessary for deep-trench work, and one or more laborers 
al<h used for general service about the machine and in the ^xcava- 
turn. When a .skip is used, shovelers are required. 

The mctliod of operation is veiy* umilar to that of a revolving 
^ovel and the student is referred to that section of the text for 
a complete di.scussien of this subject. 

Oh trench excavation, one machine may be used tint excavation 
or may excavate and later return to back M. On large’ 
works, it has been foth^ adv'Mitageous to use two or mmemadiines 
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coordioatel}'; one for the rough excavation, one for the finished 
excavation and for handling pipe and materials, and one for the 
#back filling. 

Cost of Operation, llic cost of operation would vary ^eatly 
anth the sise of the machine, the efficiency of its operation, the 
diftracter of the material, etc. The following statement is g^ven as 
an approximate idea of the cost of operation under average con* 
ditions. 

lUuslratite Example. A 10>ton macrhine, equipped with an 
automatic clam-shell bucket of 1-yard capacity, and moving on a 
track along the si<le of the trench, will be considered. The material 
is clay for a depth of 8 feet, and is underlaid by a substratum of 
gravel. Following is an estimate of the cost of operation fur a 
KWhour W’orking day: 


Operating Cost of Traveling Derrick 

Lobor; 


1 ciigiiifKir 

$5.00 



1 

2.r»o 



lahoriTR, (m $2.0() 

0 (X) 



Total lnl>or co«t, |ic*r day 


$i;{.50 


Fud and Supplirn: 




1 ton cou] 

$4 (X) 



Oil, and mpaini 

1 50 



Total fuel and 8upplu*a 


$5.r)0 


General and Overhead Expcnsen: 




Depreriation (5% of $5(XK)»* 

$l 25 



Inten^t (0% of $5000)* 

1.50 



Incidental expenaea ** 

2 25 



Total general expenm' 


$5.00 


* Total Coat €>f Work for 10-hour Day 



$24.00 

Total Excavation for 10-hour Day (cii. yd.) 

4un 


Unit Cost of Traveling Derrick Excavation, per cu. yd., 


^ $24.00d-400« 



00.06 


Field of UsefulneM. The traveling derrick is economical for 
trench exeavation when the soil b loam, day, sand, or gravel, and 
can be eatily bandied by a grab bucket, or a drag or scoop bucket. 
Thb type is espedaily adapted for wide trenches, over 5 fe^ in 
width, wlddi cannot be rei^y excavated by other types. 

npMi M froilcmg dar* in m yimr mmI » lif«. 

m 
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This type of exoavator is verj' efficient with good management, 
as it may Im; used for excavation, hack filling, and pulling sheeting. 

CONTINUOUS BUCKET EXCAVATOR 
Construction. There are several makes of machine, which are 
especially deviat'd for the digging of trenches with vertical sides. 
This tyjH.' of excavator has been developetl in recent years to m^t 
the demand for a machine for municipal work under favorable 
conditions of soil and for large work. 

An analysis of continuous bucket excavators shows the following 
essential parts: a frame supiM>rtcd on wheel trucks, the operating 
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Fig. 67. Diagram tif ParnoiM Trench Excavator 
('auriray «/ G. W. ParMnt Cnmjnnu 


j mechanism, and the excavating me<rhanism. 

f All makes are built on the principle of the 
continuous excavator or ladder dredge, and 
differ only in details of construction. 

The platform is built of steel members 
strongly braced and framed together. It may 
~ be supported on 2 trucks equipped with 

broad>tirpd wheels, or made in two sections and supporterl on 3 
trucks. In tlie latter case, the rear section which carries the exca- 
vating diain is hinged to the main section* and is supported on 1 
truck, l^g. 67 shows a diagrammatic view of this type, and Fig. 68 
shows a view of the angle^latform machine. 

* Opeittiiif Equipment. A steam or intemalnBombustion engine ‘ 
nu^’ be used. The fIRter b more econcmiical in sections of the 
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West where coal is expensive, aitd is cleaner, more compact, and does 
away with the use of a fireman and the discomfort of a boiler in 
warm weather. 

A steam-power equipment consists of a boiler, an engine, and 
t& transmission mechanism. The boiler is of the vertical, tubiilw 
type and is placed near the front end of the platform. The 
engine is placed behind the lx>iler and is of the single-cylinder, 
vertical t^^ie. Power is traasmitted to the bucket chain, the dis- 
posal conveyor, and tlie central axle, for traction through gears 
and sprocket chains. 



Fic, OS. C^hiragu Troti«>b Excavator 
Courtmu of P. C. A untin Drainage Excavator Comfung, {fhkago 


Excavating Equipment. The excavating equipment coasists 
of the bucket chain, and the disposal conveyor. The bucket chain 
in' one type machine comprises an endless chain moving over 
sprocket wheels on the ends of an arm, which is suspended from 
the rear end of the platform and is adjustecl to permit of the exca- 
vati<Hi to the proper grade re^i^rdless of inequalities of the surface 
over which the machine passes. In the other type of trench 
machine, a circular wheel is suspended frf>ni the rear of the platform 
and revolves on a central axle. 

The buckets are attaisbed to the sprocket chain or to the 
periphery of the wheel. They are scxmp-shiqied and provided with 
* cutting edges or teeth, depending upon the nature of the material 
^to be excavated. Hie width of the trench is governed by the 
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width of the htickets, which are made in several widths and can 
be easily removed and changed. In one make of machine, an 
iiK're8.sed width of trench can be secured by moving the w'hole bucket 
chain .sideways along the supporting frame. This arrangement 
prt>vide.s fur the excavation of a trench up to 6 feet in width without 
changing the buckets and also the excavation of a manhole at any 
point without delay. Fig. 09 shows a sectional bucket used on 
tl»e I’arsons Trench Excavator. 



Fin fl9 Uut'kftt I’siwl cm Treorh Kxcavator 


The disiwsal conveyor consists of a belt t-onveyor placed at 
the rear of and transversely to the platform. Its elevation is below 
thit top of the bucket chain. At the top sprocket, the buckets 
turn over and deposit the material on this moving belt, which 
conveys it to one side of the trench and deposits it in a spoil 
bank. 

Method <rf Operation. The labor crew necessary to <^)eiate 
la tngHE^ excavator depends on the chanu;ter and magnitude of 
the Work and the kind of power used. With a steam*po|rer ettuip* ' 
nient, an engineer or operator, a fireman, and tme more lidpers 
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will be required. The operator has direct charge of the operations 
of excavation and traction. The fireman operates the boiler and 
has general suixTvision of the engine. The helpers are of general 
service in furnishing the machine with fuel, water, and supplies, 
in bracing the trtnich when jjecessarj', and in general .service aboUt 
the work. • 

The bucket chain moves <lownward and inward and removes 
a thin .slice of material as cjich bucket comes in contact with 
the soil. The depth of cut is regulated by raising and lowering 
the free end of the frame. When ob.structions, such as cross pipes, 
large Iwulders, etc., occur, the chain may be rui.sed over them and 
fed down into the earth on the other side. The material, from the 
top of tlu! rtn-olving chain or wheel, fulls upon the l)elt conveyor 
and is carricHl to cither side of the trench, making a ntntinuous 
siMiil bank. 

W'bcn one section has lH*en excavated, the machine moves 
ahead and starts another sheer The exetavating chain or wheel 
can be rai.sed clear of the surface and the machine moved oc'er ordi- 
nary roads at a spet'd of almut 1 mile per hour. Table VI gives the 
diniension.s, weights, capacities, and costs of three different makes 
c»f trench excavator. 

Cost of Operation. The following cuinpari.son of the t*ost of 
excavation of a trench by hand and by machine labor will lie of 
interest to the student, who is urges! to make a clo.se study of the 
method of analysis. 

lUmtrative Examjik. The soil is clay and loam and the ground 
surface fairly level and solid enough to support a trench machine. 
The trench has a width of 28 inches and an average depth of 12 
fwt. Each laborer will excavate 7 cubic yards per 10-hour da;^ 
and as the material must be rehandled for the last 3 feet of depth 
cut, we will assume 5 extra men for the work and not include 
their output. A crew of 45 men will dig 3.50 feet of trench during 
a lOdtour day and the total excavation will be about 315 cubic yard.s. 
Tbe same aH:w will back fill at a cost of 7 cents per cubic yard. 
The machine will excavate 250 feet of trench per 10-hour day. 
Hie back filling will be done by teams and scrapers. 

Following Is a detailed stat«nent the cost of thg tvork for 
the two methods, baand on a lOdiour day. 
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Cost of Trench Excovation by Hand 

Labor: 

1 fonnnan $ 4.<)0 

1 timbcrmiin 3 . (N) 

'1 lielpcr 2.50 

* 1 jiipe layer 3.00 

^ 1 helper 2.50 

50 laborers, @ $2.00 each 1(K).00 

Total labor cost for excavation 5115.00 

Back filling 315 cubic yards, 7c 22. (X) 

Total cost of Hand Work fof a 10-hour Day ' 1137.00 

Cost of Trench Excavation by Machine 

Labor: 

1 foreman 9 4.00 

1 tirnbennaii 3.00 

1 hclpiT 2 50 

1 \}\po la^'er 3 . (K) 

1 hel|yjr 2.50 

1 engineer ^ 4.(K) 

1 fireman 2 . 50 

0 A ^ I / l bauUrig for exca valor 

1 2 hack filling trench 12.00 

2 laborers, @ $2.00 each 4 . 00 

Total labor cjost, i>er day $.37 . 50 

Ffid and SupjdieJt: 

1 t<m coal $5 . 00 

Oil, and waste “ 1 . (N) 

Water 1.00 

Total fuel and supplies $7.00 

Overhead and Otneral Expeneee: 

Interest (6% of $6000}* $1 . HO 

Depreciation (10% of $6000)* 3 . (X) 

Kepaira 2 . 70 

Incidentals 4 . 50 

Total general and overheaici expenses $12.00 

Total Cost ol Operation for a 10-hour Day $50.50 


Total cost of excavation of 315 feet of trendi, pipe laying, and 
back liOing by band work, fur a ICMiour day, is 1137.00. 

Total oust of excavation by machine of 225 feet of trench, 
pipe ay||^ by band woric, and bade filling by sorapers is $50.50. 

*BsMd upQD $00 wotldas day in • yar and a 10*|n»r lif«» 
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A comparison of the above results shows that during a 10*how 
day, a trench excavator will do alwut 70 per ^nt 6f the unount of 
trench excavation that can Ije done by hand labor and at 40 ^ 
cent of the cost. 

Field of Usefulness. The continuous bucket excavatra ht 
csiKscially adapted for trench excavation, where the width do“s 
not exceed 72 inches and the depth 20 feet, and the soil conditions 
are favorable. Tins is esiJeoially true through the Middle West, 
where clay and loam with few obstructions such ns boulders, roots, 
etc., predominate up to shallow depths'. 

On account of the great weight of the machines, they are not 
practicable for use in soft, wet soils, unless mounted on caterpillar 
tractors. For the excavation of hard soils, considerable trouble 
is often cxj)erienml on actount of the breaking of the bucket chain. 
Hence it is desirable to use a machine with a strong, heavy chain 
for the digging of hardpan.bluc cluy.and other hard, tough materials. 

The trench excavator is efficient and er-onomical for the exca- 
vation of tw'nches 24 inches aj>d over in width and over 6 feet in 
depth, and one machine can do the work of from 80 to 200 men. 

TRESTLE CABLE EXCAVATOR 

Construction. The trestle cable excavator has been in general 
use, especially in the eastern section of this country, during the jmst 
.'h) years, for the excavation and back filling of large trenches for 
w'aterworks and sewer systems. It has many admirable feattutss and 
is es^)edally well-adapted to large sewer trench work in hard soils. A 
trestle cable excavator on sew’er-trench construction is shown in 
h'ig. 70. 

This type of exc*avating machine consists of a series of trestles 
supporting an overhead track. The trestles or bents are connected 
by Tuds at the bottom and by the beam track at the top and rest 
upon a plank or rail track. The operating machinery is carried by a 
platform located at one end of the structure. The overhead track 
SiQ>ports several carriers which carry the buckets m* tubs. The 
whde framework is self-contained and can be moved ahead as a 
unit fircun one section of the work to another. 

, The trestles are made of timber framed together to tem square 
oT-il-shaped bents. Tfey are hum 15 feet to 20 feet%( hd|^t 
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and are equipped with castor frames, wheels, etc. These baits 
«« connected together at the bottom by burs of tubular steel of ^ 
fljpm 1 inch to 2| inches in diameter. Hie bents rest on T-rails 
which are spiked to sections of planking, and enough trade is provided 
to move the whole machine ahead 100 feet at a time. 

0 Hie track or support for the travelers or carriers is made up 
of sections of 14)eams or channels which are bolted to or hung from 
the head blocks of the bents. 



70, Trwtlc ('iibk) Ex<wvat<jr on 8owop Trench C*^»natrnritoti 
^ Onirfeay o/ Car«on Trench Marhine (’ompany, Bimton, MaMmehuMite 

Operatlof Equ^nnent. The operaUng equipment consists of 
the hoiler, engine, and car upon which the machinery is placed. 

Hie boiler is of the vertical, tubular type, and is equipiicd with 
aU applimioes for efficient operation and contrd. It is usually 
operated at a steam pres.sure of about 100 pounds. The engine 
is a 2-drum, double-cylinder, hoisting machine with reversible link 
motion. ^The drums are controlled by fiiction-dtttch brakes; one 
carries the fadgting nqie, mid the other curies the emileas rcqie whidi 
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operates tiie carriers and buckets. The drums are itidepei$d||Bn^ 
and so arranged tiiat they may be operated in unison or sepnra^^. 
The boiler and engine are generally mounted oh tlm BBihe W plate . 
which is sup|)orted by a platform mounted on rollers or wheel truda. 
The fn»nt end of tlie ear supports the head trestle. A suitebk 
house is usually built, in sections, over the platform and may be 
used completely or ]>artly, depending on climafic conditions. 

Excavating Equipment. The excavating equipment consists 
of the tubs, the carriers, and the cables. 

Upon the overhead truck run several carria^s. travelers, or 
carriers, which are provided wth wheels made to fit the flanges ot 
tlic structural sections. From each carrier is suspended a tub which 
is equipped w'ith an automatic catch and is self-dumping and self- 
righting. The carriers are tonneeted by a continuous rope which 
is ojjerated hy a drum <in the engine, and arc raised and lowered by 
hoisting rop<5s controlled liy a rope oix'rated hy another drum on 
the engine. 

^ Method of Operation, 'riic lalH>r crew nw^s-sary to operate 
a trestle cable excavator wmsists tif an engineer, a fireman, a lateh- 
nian, and a tubman. The engineer oix^rates the engine and has 
general <;harge of tlie work. The fireiitun supplies the Ixiiler with 
fuel, and oils the inachiiMTy. The latchman op«>rates the latches, 
whi«‘h release and grip the tub lines for raising and lowering the 
hw'kets. The tuhinan hooks and unhooks the tubs, and has gen- 
eral eharge of their filling and emptying. 

Tl»e macliine lx>iug set up in p«»siti<m, the engineer i>peratea 
the hoisting line and releases the jaw clutches on the tub ropes, 
.tlius allowing the tubs or buckets to drop into the excavation. 
The tubs are unh(M»ke<l aiul anotlier set of filled tubs hooked on. 
n»e loadeil tubs are then hoisted up to tlie locks on the carriers^ 
mmI the whole set is moved to the disposal place by the operation 
of thi' eontimious traversing line. Vsually one section of the trendi 
is being cxoavaUxl w’hiie another .section is iH'ing back filled* 90 
that the material removed at the former place can be utilized direetty . 
in the latter. It may be necessary at the befpnning of the 
ot iu ^lecial eases of crostings, etc'., to dump the material 
toOfiorary spoil banks, or into carta for removal from the site. ' As ■ 
soon as one section io completed, the maddne paOa 



BABTHWORK 


127 


by nwMis of • wmch on the enpne and a rope passing throtqth a 
iplicb blodc attached to a deadman set ahead. 

^ Machines nay be had witli double and single upper tracks. 
The nominal capacity of a double-track machine is 50 per cent 
greater than that of a sinn^e-track machine, as one set of buckets is 
l^htg raised loaded, while the other set is being lowered empt>'. Hius 
3 sets of buckets are continually in use, one set being filled, one 
hoisted and carried to the dump, and the other dumped and returned 
to be loaded. A double-track machine is more economical for 
trenches over 5 feet in width. 

Hie average output for a O-bucket, sinfdc-track machine is 
about 125 cubic yards for a 10-hour day. 

Cast of Operation. The rental charge of a C-bucket, single- 
track dimehine is about $2(K) per month. The (swt of transportation, 
.setting up, and dismantling a ill vary with the distance, length of 
haul, experience of men, etc , and will range from $UX) to VitK). 

Alatut 1 ton of csml p(‘r day will Ih‘ us(s 1, and the cost of oil, 
w'a.ste, supplies, etc , will sary from $1 to $5 per day. Hie net < 
of uperarion of the machine would he aliout $2.'> {mt da,> . Assuiumg 
an average output of 1(K) cubic yanls, the mst of the work exi’lusixe 
of sheeting, pumping, l<Kisening of material in trench, et(>., would 
be about 25 cents per cubic jard. 

Field Usefuiness. The trestle cabl<* exi’a^ator is especially 
adapted to the excavation of treiK’hcs for large t>ewers and water 
maiits in hard soils, and in city streets. The work is restricted to 
the immediate area of the trench, k'av ing part of the strc>et unob- 
structed for traffic. Hic method of operation is effident, as the 
exravated material is generall.v used directly in bock filling. The* 
^aethod of operation is also easv , simple, and safe. 

TRESTLE TRACK EXCAVATOR 

Coqgtmctlon. Hie trestle track excav'ator is very similar in its 
fiMthod of operation to the trestle cable excav'ator. Hie principal 
difltereiioe is the swqiensiun of the carriers from a car or carriage 
wiidt moves aloDg a track suiqxMted on the tops ot riie trestles. 

\ The ooustiuetion oonsiata oi a series of light, steel-frame trestles, 
of InqMKndal dtape and 6 feet in bright, i^poced about 10 feet on 
jgmbsnL T h ea p tr estlp< are mounted on douMe-flanged w heels, lyhidh 
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run on rails, 'fhe tops of the trestles are connected by steel disnnds 
which fonn a contiinious track on which the carriage runs. 

Operating Equipment The operating equipment consists of 
a vertical, tubular boiler, and a double-drum hoisting engine, carried 
on a (»r at the forward end of the machine. - * 

Excavating Equipment The excavating equipment consists o£,a 
steel-frurne car supportfsl on four wheels which run upcm die trestle 



Fik 71 Tnmtie Tmck Rxeavator 
("ifurttfit <1*1 rotter Manufii^winffrompmnn 


track. The car i.'t o^ienited by cables which connect t«y the hcMsting 
engine. Oit tlie car Is a hoist which raises and lowen tvm steel 
thickets. The buckets are made in three sizes: i-, and l-cidMC 
yta6 capacities. A wiew of a car in tqjcration is shown in Fig. 71. 

Mt^iod of Operation. The machine requires a crew of 
3 men; onn to operate the hoisting engine, and two to (^petate lUhe 
buckrii hoists on the ti^riage. 

m 
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The caniage is moved by a '^me from the kmsting enpne 
to ihe {dace of excavatioa, where eithtf one or both buokets'are 
lowered into tbe trench, filled by tlie laborers in the trench, and 
v$aaed above the floor of the car. The car is then moved to the 
^dace of backfill or dump, where the buckets are lowered and d^ped. 
^ Cost of OpM’ation. The following statement is gix'en as a 
lineal case of the exist of excavation with a trestle track machine. 

lUiotrcaive Kjcample. The trench ha«l a width of 21 feet and 
an average depth of 30 feet. The material exmvated consisted 
of a sliallow top layer of loam, then 1.') feet of soft blue clay, 6 to 
8 feet of stiff blue clay, 1 f(K»t of sandy loam, and then about 2 feet 
of hard blue clay. The trench machine was equipped with 6 bucket.** 
of |-cubic yard capa(.>ity, and 4 were filled while the remaining 2 
a'ere being removed and dum|)ed. The excavator renio\’ed the 
lower 12 or 14 feet of the trench. 

•The following gives the (ost of operation based on an 8-hour day. 


Operating Cost of Trestle Track Excavator 

Labor: 


1 ron*frmn 

1 4. no 



1 engiticFr 

5.00 



1 fireman 

2 .50 



1 ear oporaUir 

3.50 



1 car helper 

2 00 



2CI labortini in trench. $2.(V) i«a4>h 

U).W 



1 liiborer on dump 

» 00 



Total labor r<iHt, |H»r day 


150. (X) 


Futl and Supplies: 




} ton eoal, $5 tX) , 

•2.50 



Oil, waata, etc. 

♦1.00 



Aepaini 

1.50 



a Total fuel and aiippliea 


$5.(X) 


OmmU: 




Rent of machine, $12.5 per month 


•5 (X) 


* Total Coat, of Optfratkm for an labour Day 


too. on 

Avetago Daily Excavatkni (cu. yd.) 


175 


%iitt Coat of Troatle Traek Excavattiig, jier ni, yd., 



fosoo+m- 



00.30 


Field of Usefiiliiesa. The trestle trade excavator has the aame 
. soo|>e and advuitages as the trestle cable excavator.. It is eiq>ecially 
cttdeDt in trench excavatkm in congested city streets where the 
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demands of keeping at least part ot the street <^n to public traffic 
requires the restriction of the work to as limited an area as posable. 

On very wide trenches, it is advisable to use a machine equif^ied 
with a double track and 2 cars in order to facilitate the wwk. 

tf 

TOWER CABLEWAY 

Develq>nieAt. The tower cableway is an excavating, hmsting, 
and conveying device devised about 1875 for slate quarries in 
eastern Pennsylvania. Then for a period of years the cableway 
was used largely in quarry work and logging operations. In more 
recent times, tliis machine has been adapted to the conveying of 
materials on construction work, the excavation of the ii|d)ter and 
softer soils, the hoisting and conveying of the harder soils excavated 
by other machinery, etc. This article will deal with the use of 
the cableway in trench construction only. A double cableway 
on trench excavation is shown in Fig. 72. 

Construction. The essential parts of a tow'er cablew'ay are 
the towers, the cable, bucket or dipper, carrier, and the power 
equipment. 

The towers are framed timber structures varying in height 
with the location and character of the work. They are either fixed 
or anchored in position, or mounted on wheel trucks which run on 
tracks, thus providing for the movement of one or both ends of 
the cableway. The tops of the towers are provided with saddles 
and sheaves for the cables. 

Operating Equipment. The operating equipment of a tower 
cableway contists of a boiler and an engine. 

The boiler is generally of the vertical, tubular type, and equipped 
w’ith the necessary accessories for operation atapressurcof lOOpounds. 

The enpne is a 2-drum, douUe-cylinder machine, fitted with ^ 
rewersible link motion. The drums are of the friction-brake type; 
one for the hoisting rope, and the other for the endless, traverang 
rope or cable. The drums are so arranged as to be operated togetiier 
or inde|tendently. The machinery is placed on a housed-in plat- 
fonn built of timber.and supported on 4 car wheels which run on 
sections of the track. 

ExcavnUng Equipment The excavating equipment comprises 
a travel^', the tubs, buckets or skips, and the cables. 
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The main cable is made of cracible sted and of a diameter 
depending upon the span, load, elevation, etc. It passes over 



* the t<^ of the toarers, is anchored behind them^ And is the track 
jwer which tha carrier passes. The hoisting and travenang nq;>ea 


m 
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are crucible-steel cables of from f inch to f inch in diameter and 
extend from their respective drums on the engine over the sheaves 
at the tops of the towers and thence to the carrier. 

The traveler or carrier is a wrought-iron frame wliich carries 
the sheaves over which pass the hoisting and traverung cables ' 
and the fall block which supports the tub, skip, or bucket. The% 
carrier is provided with 2 or more flanged wheels which run on the 
main cable. One or more carriers may be u.sed on the same cable- 
way. 

'The fall block of the carrier supports the tub or skip which 
is of steel or wood and of widely varying capacity. For trench work 
tubs are generally used and are made of .steel and provided with 
double bottoms and automatic catches. When the cableway is 
tLsisl for dire<*t excavation, grab bu<*kets or drag-line buckets are 
used and require special operating equipment. 

Method of Operation. For trench excavation, a cableway 
having a length or span of from 200 feet to 400 feet is gtmerally 
us<h1. The length of excavation will l»e about f)0 feet shorter than 
the distance between towers. 

Tlie labor crew required consists of an engineer, a fireman, a 
signalman and two or more laborers. The engineer operates the 
engine and has general charge of the w’ork. The fireman provides the 
luiilcr with fuel and w’ater, and looks after the oiling of the machinery’. 
The signalman signals to the engineer for the raising and lowering 
of the bucket or tub. The laborers are used in filling a iid in dumping 
the tub, and in general service about the job. 

The bucket is lowered into the trench, filled by the sfaovelers, 
and then raised above the excavation by tlie operating of the hoist- 
ing drum, which is thrown out of gear and held by a brake. Hie , 
traversing line is then operated and the carrier moved in either 
^redtion until the bucket is over the jflace for dumjang. Hum 
the budiet is lowered by means of the brake band on the hmsting 
drum. The material may be used for back fill in a section of treaidi 
where the pipe is laid or dumped into a spoil bank or into wagons 
for removal to a distant (lace of disposal. A small crane or dmidc 
may be used to advantage, adjacent to the excavation, for the 
transfer of tiie buckets from the caUeway to the dtm^ng board 
or huppm. 

A 
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Coit of Operatioa. A tyincal case oi sewer trendi ooostnMS 
tkm win be considNed ib the following statement of the cost of 
excavation with a cableway. 

lUtutratiw Example. The trench is 12 feet wide and vith 
an average depth of 20 feet. The soil varies from a surface layer 
;rof loam of 2-foot depth; through a clay substratum of 8 feet, to a 
hard gravel deposit. The machine has two 30-foot towers placed 
300 feet apart and is equipped with 1-yard tubs or buckets. Braoog 
and sheeting were carried on at the same time as the excavation, 
and the sewer construction followed closely to allow for back filling 
at one end of the section with the material from the other end. 

Following is an estimate of the cost of excavation under average 
working conditions, during a 10-hour day. A crew of 30 men are 
required to pick and shovel the material into the buckets and the 
average daily output will be taken as 300 cubic yards. 


Operatint Cost of Tower Cableway 

Labor: 


1 foreman 

9 4.00 


1 engineer 

5.00 


1 fireman 

2.50 


1 signalman 

2.50 


2 dumpers, 12.00 each 

4.00 

' 

;K) laborers, S2.00 each 

60.00 


Total labor expense, per day 

978.00 


Fud and Suppliet: 

i ton coal, @ S5.00 

$2.«) 


Oil, waste, etc. 

1.00 


Repairs 

1.50 


Total Fuel and Supplies 

$6.00 


General and Overhead Expeneee: 

Interest (6% of 98000)* 

92.40 


Depreciation (10% of 98000)* 

4.00 


Indkientiil eiqMSDseB 

2.60 


* Total general expense 

99.00 


TotsI Cost of Opcratimi for a lO-faour Day 


902.00 

, ToldOu^ifora lO-iKiiir Day 

300 


. ysit Cost of Tower Cableway Exeavating, per on. yd. of material 


hamibd, $02.00+300- 


00.030 

Vnh Cost of HoiMuig, CoBweykig, aiid Dumpiaf (exclu^ 


and aboed Ubor), per ca. of material 1^^ 

00.097 

life* 
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Field of Usefulness. The cableway excavator has a wide and 
important field of usefulness. It is especially effia^mt in the handling 
of materials across large waterways, valleys, quarries, pits, etc., 
where surface transjiortation would be difficult and very expenave. 
In the excavation of large quarries, gravel pits, surface mines, dam 
foundations, rcser\ oirs, etc., the cableway can be used as a tower ’ 
excavator directly or to convey skips, tubs, or buckets which con- 
tain the material jireviously excavated by other machines. The 
same cableway can of course be used for the transportation of 
cx)ncrcte, stone, timlier, aiul other building materials, as well as 
tools, men, etc., during the cxin-struc-tion work which follows the 
excavation. 

The cableway cun l)e satisfactorily used in trench excavation 
when the ex«-avation is of large extent, generally over 6 feet in width 
and 10 feet in depth. With the use of this type of excavator, the 
weight of the machinery is largely concentrated at the ends of the 
trench, the cable is at a <‘onsiderable height above the W'ork and 
allows spa<'e for storage, handling of materials, etc. The principal 
objection to the use of the cableway on trench work is its lack of 
lateral control. It is almost impossible to avoid the swinging of 
the buckets during the raising and lowering, and this is liable 
to result in some displacement of and damage to the sheeting, 
forms, etc. 

TILE-TRENCH TYPES 

General Features. Preceding the year 19(K), trench excavation 
for drain tile was made largely by. hand. With the rapid and extemdve 
development of agricultural drainage through the South and Middle 
West, came the use of machinery to economically and expeditiously 
perform the great amount of excavation work required by the 
construction of drainage systems. At the pre.sent time, there are 
seveiid makes of trench excavators, which are especially adapted 
. to tile-trench excavation. 

The essential parts of tile-trench excavators are practically 
tile same as for the unter and sew'er-pipe trendi machiiies, described 
under Pipe-Trench Types. There is one make of madune wfaidi 
has be«n jqiedally detised for the lading of the tile as vtil as lor 
the qris^thm of the trench. A description of this machine iriU 
foQow. 
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HOVLAND TILE DITCHER 

Power EquipmenL The Ilovland tile ditcher is made in 
two sections: a front platform which carries the power equipmenti 
and a rear platform which carries the excavating chain. Both 
platforms are made of a steel framework supported on two large 
caterpillar tractors. Fig. 73 show's a general view of the Hovland 
tile ditcher. 

It will be noticed that the forw'urd tractor carries the power 
equipment which consists of a vertical, 3-cylinder gasoline engine. 
The main shaft of the engine is connet'ted by sprocket chains to 
the driving shafts of the excavating belt of tlie tractions, and of 
the belt conveyor. 


\r ' ’■ 



Fiit. 73. View of Hovland Tile Ditcher 
Courttty of St. Pavd Machinory Manu/<ufturiny Company, St. Paul, Minnoaata 


Excavating Equ^ment. The excavating equipment is carried 
on the rear platform and consbts of an excavating chain and its 
suiqmrting framework. 

The mccavating chain is made up of two conrinuous chains 
wdiich cany an endless set of hinged links. To the vertical sections 
of these links’ are-bolted the kniv'es or cutters of any width from 
5 inches to 30 inches. The linl^ are hinged in such a way that 
when a cutter strikes a stone or other obstruction in a trench, the 
gives, and the cutter dides over the obstruction without 
iijuiy. An automatie craning device conriding of a projecting 
ami, is 1%^ above the tqpptf end trf the chain and scrapes 
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the surface of each bucket as it passes. The excavated material 
is thus removed from the buckets and falls upon a moving belt con- 
veyor which is located under the excavating chain at its iq^er end. 

Tlie framework which supports the excavating chain is riiown 
in Vlg. 74. It comprises a small, upper wheel and a large, loww 
wheel, or drum, about which the chain revolves. The lower wheel 
is suspended by chains from the rear of the frame and can be nused 
and lowered by a gear-operated shaft. The upper vrheel is on a 
shaft which is chain-driven from the engine located on the forward 
platform. 

An adjustable steel-frame curbing can be fastened to the rear 
of the excavating tractor and drawn along the completed trench. 



Fig. 74. Kxoavating Wheel siid Fnino of Hovlsad Tile Diteher 
CourfMtf tf/ Si. Paul Maehinary Manufodurmy Company, St, Paid, iiinnatata 


This curbing can be adjusted to the width of the trench and made 
hi|^ enough to project above the ground surface. A steel qx>ut 
is |da6^ on the inner and curved portion and as the machine |m>- 
gtessea, a man places a tile in at the top of the spout, whidi is carved 
80 as to allow the tile to slide out in place along thelx>ttom of the 
fiiuslied trench. 

MotiMMt of Operation A crew of 3 or more men are neoeasaity 
;to jntqpurly Ofwrate a tile-trauh excavate: an enipneer vdm has 
' d. the m>eratiiv Mmjmient, an qpNator udio muipiArtes 
the excavating irhed.a m^yer and<meoriBoeebd)oreralspaupf4y 
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fud, water, and sni^Ues for the machine and for gen<»ral service 
about Ibe work. 

Hie revolution of the excavating cluun or^heel brings a series 
of knives or buckets into contact with the soil and each bucket 
removes a slice of earth, which is dumped upon the belt ccmveyor 
and carried to the spoil bank, at the rides of the trench. The 
operator lowers the wheel or chain into the soil as the excavation 
proceeds and governs the depth by a right rod, placed on the madiine. 
As soon as the leqiured depth is reached the engineer sets the tractor 
chain in motion and the macliine moves aliead to the next positimi. 

With the Hovland tile ditcher the drain tile can be laid as 
the excavation is completed, by placing tlie tile in the curb which 
follows directly behind the excavating chain. Fig. 74. It is 
often necessary to reset the tile after it leaves the curb in order 
to secure proper alinement and closc-htting j(»ints. 

One manufacturer has devised a longitudinal belt conveyor, 
which carries the excavated material to a point behind the machine 
anS dumps it back into the trench. This devic'e has not been 
satisfactory because it does not allow enough time after tht; exca* 
vation for the placing of the tile. 

Cost of Operation. An approximate estinuite of the capacity 
and cost of operation of a tile ditcher will lie given in the following 
statement. 

IlluatnUiee Example, A trench niiurhine has a gasoline powder 
equipment and an excavating clwin or W'heel capable of digging 
a trench 14| inches wide and 4| feet deep. The soil is loam and 
(‘lay with gumbo in places. The average depth of cut is 4| feet, 
and the average progress is 1300 feet per 10>hour day. 


Operating Coat of Tile Ditcher 

Labor: 


1 operator, ^ $125 per month 

$5,00 

1 fireman 

2.00 

1 helper 

2.00 

1 t4sam and driver 

5,00 

Total labor coat, per day 

Fud and SuppUu: 

01^ 

10 galloiia gaaolsnep 9 20o 

$2.00 

OHp waatOg etc, 

. . V ^ Tiital foel and mpply east 
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General and Overhead Expenses: 


(0% of $o2(X))* 

$2.00 


Doprociation (121% $5200)* 

4.25 


^RopairB and incidentala 

2.75 


Total genei-al expense 

$9.00 


Total OiMiratinfi; Coat per 10-hour Day 
Avenige Progrt^ss per Day (ft.) 

1300 

$25.50 

Average Daily Kxcavatioii (cu. yd.) 

260 


Unit Cost of Tile-Trench Excavating « 

fjMjrft. $25.60+1300 
(|)cr cu. yd. $25.50+260 

00.019 

00.098 

Field of Usefulness. The tile-trench excavator is 

a very 


efficient and practicable uiacliine for ordinary soil conditions in 
fairly level land with few obstructions. Where the soil is low ami 
wet, the machine must be supported on caterpillar tractors to 
distribute the weight over the soft soil. Where obstructions such 
as large stones, roots, etc., abound, a large amount of extra hand 
labor is required. 

For work of considerable magnitude, the tile ditcher can exeji- 
vate a trench at ulwut J the cost of hand labor. 


* B«aed ou 150 cUyii per year uud an »-year life. 
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REVIEW QUESTIONS 


ON THE 8t’Bie('T OF 

RAILROAD ENaNEERlNG 

I’ART I 


1. What ar<‘ the olomonts of railroad h>cation which arp in 
general antaguuiMir? DtHluce from tlie alM>ve the chief dutieH of 
the locating engineer. 

2. What is the chief ohject to he af'complished by a recon- 
noiasance survey? 

3. What are the three elements involvwi in the survey of 
any line and what are the methods of (h'tt'rmining th(*He elements 
in reeonnoisaanee surveys? 

4. W’hat is the practical value and what are the limitations 
of barometric leveling? 

5. What is the general object to b<* ai’complished by means 
of a preliminary survey? 

6. To what extent should the < i 'npass nwlle be used dur- 
ing preliminary surveys? 

7. Why is it that a Ixieke level with its limiteil accuracy is 
a proper instrument for crosH-Si>(^ion work? 

8. Under what circumstances is the stadia method advan- 
tageous for preliminary surveys? 

9. What is the justification of making two or more pr(>- 
liminary surveys through difficult portions of the route? 

• 10- How are the tangents and curves for the “location” 

detenmned? How is the location survey “tied” to the prelim- 
ingry survey? 

11. How would you seleet a low-<grade line through a difficult 
{dooe of mountainous country? 

12. How we transit stations and bench marks secured 
afsiast diftorbanoe dating construction of the road? 
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18. Define the degree of a carve. What is the approximate 
rale for the radios of a curve of a given degree? What is the 
percentage of error of this rale for a KJ® carve ? 

14. What is a sab-chord ? What will he the excess »leng& ^ 
of a sub-chord with a nominal length of 45' on a 5’ curve? 

15. What is the difference between the nominal length of 
railroad carve and its true length measured on the arc? Wha. 
will this amount to in the case of a 6° curve subtending a central 
angle of 34'’ .30'? 

10. If two adjacent tangents which make an angle of 24” 10. 
are connected by a 3' 30' curve, what w’ill l)e the distance fr 
vertex to the j)oint of the curve ? ■ .• • 

17. Ill the case given above, how far will the curve pass 
from the vertex ( 

is. A .3” 30' curve is to begin at Sta. 142 -f- 65 and is to 
have a total central angle of 2S’ .30' ; compute the deflections from 
the tangent at the P.(^ to each station and to the P.T. 

10. In the almve case assume that on account of obstructions 
to sighting it was neex^ssary to set up the instrument at Sta. 147 
and sight back to Sta. 144. Applying the ruleof section 25, what 
should Ih) the reading of the horizontal plate when the instrument 
is sighted at Sta. 144, and what should l>e the reading when it is 
sighttai ahead at Sta. 14S ? 

20. Assume that a 8 ' curve having a central angle of 14” 30 
is to Im) located by tangential offsets; make a sketch of this case 
and compute and mark on the sketch the deflections and distances. 

21. After running a 4” curve to some point as in Figure 
16, the curve is found to be obstructed. It is estimated that the 
curve would again Iw clear about 400 feit farther on. Compute 
the long chord nm. and the angle which nm -would make with a 
tangent to the curve at n. What would be the offset from this 
long chord to the second station beyond n ? 

22. Give detailed soIuHons of the jlhihleins stated iu sec- 
ttbnaO? 

28. Give detail^ solutions of the problems stated in sec 
tioaSdf 

2$, What is the essential character of a transition carve and 
why it is necessary ? 

m 



REVIEW QUESTIONS 


ON THE SinUGCT OK 

RAILROAD ENaNEERING 

PART II 


What is the chief cause of the deterioration of locomotive 
due to impure water supply? 

2. What are the chief difBculties encountered in the construc- 
tion of engine houses and how arc the difficulties met? 

8. What elements must be considered in computing the total 
cost of any kind of railroad tie? 

4. What is the preferable method of locating ties with rtder- 
ence to rail joints? 

5. Assuming that an 85-pound rail and a 7()-pound rad have 
similar cross-sections, what is the relative stiffness? 

6. What are the elements of a perfect rail joint and why is it 
impossible to produce a perfect rail joint fur steam railroad work? 

7. Why are plain smooth spikes ^referable to spikes which 
are jagged? 

8. What are the three principles which form the basis of the 
design of nut locks? 

0. Give a brief statement of*the general methods of obtaining 
a pure water supply. 

10. What are the elements of an ideid form of ballast? What 
the disadvantages of “mud” ballast? What are the a<lvantages of 
stone ballast? 

* II. What are the causes, other than mere decay of the wood, 
which require that ties should be renewed? 

12 What are the features of the A. S. C. E. rail section which 
are constant for all weights of rails and what are the proportions 
/hich are constant or neariy constant? 

13. What are the advantages and disadvantages in using 
very Umg rfifai? 

M3 
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14. What are the advantages obtained by the use of tie 
plates? 

15. How many track bolts in a mile of single track using six- 
lM)lt splice bars and 30-foot riuls? 

10. How much is allowed for riul expansion and how is this 
practically provided for? 

17. How much gap would you allow at a rail joint when the 
temperature of the riul at the time of laying is 45“ F? 

IS. What should be the middle ordinate of a 3n>foot rail bent 
to a 40“ curve? 

19. What would be the superelevation of the outer rail for a 
00“ curve when the maximum speed is 45 miles per hour? 

20. If the maximum speed for trains is assumed at 60 miles 
per hour, what vrill be the length of a string or tape which, when 
stn^tchcd as a chord inside the rail, will give a middle ordinate 
(Hiual to the required superelevation? 

21. What is the fundamental advantage of a point switch 
ov<>r a stub switch’ 

22. Suppose it were required to make to order a frog having 
a frog angle of 0“ 30'; what would be the frog number? 

23. Verify the calculations for the length of the lead of a 
switch from a straight track using a No. 8 frog on the basis, first, 
of circular lead rails, and second, of straight point rails and straight 
frog rails, using the values given in Tabic III. 

24. If a No. 8 frog has been U8<‘d in switching from a straight 
track, what will be the radius of the connecting curve when the 
distance between track centers is 13 ft.? 

25. What, will be the length and radius of the connecting 
curve running from a switch on the outside of a main track, which 
is a 4® 39' curve, the frog used being No. » and the distance between 
the track centers 13 ft.? 

26. Make fdl the computations for the location of a turnout 
to the inside of a 4* curve using a No. 8 frog. • 

27 . What are the different kinds of tracks making up a frm^t 

yardf 

28. By what dexdoe is ene^e service economised in plantiing 
a freii^t yard? 
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ON THE SUfiJfiCT OF 

RAILROAD ENGINEERING 

PART III 


1. Diflcum the two claiwes of finaneial interentH in tbo 
ownership of railroads — ^the security and pro6ts of each. 

2. Describe methods of (Mtimating the probable volume 
of traffic on a propost'd road. 

3. Discuss the division of the gross revenue and the ]M>r- 
centages spent in operating expcnsi's, fixed charges, and dividt'nds. 

4. Discuss operating ex)M>nses i)er train-mile; their uni- 
formity for heavy and light traffic roads; the t«*ndency toward 
variation of the chief items. 

5. Discuss the relation of railroad rates to railroad exixmses. 

6. Explain why a reduction in distance is profitable whem 
handling competitive business, but unprofitable when handling 
non-competitive business. 

7. 'Discuss curve compensation; the reasons for its use; 
the values which should be employed. 

8. Explain the distinction Ijiptween minor and ruling grades. 

9. What is the meaning of “velocity head"? What is the 
velocity head of a trun when moving at the following velocities 
in miles per hour: 21 ; 27.4; 32.25? What velocities correspond to 
velocity heads of 18.58; 38.92; 49.25? 

. 10. Expliun the fundamental principle of a virtual profile, 
and describe its use and possible misuse. 

11. Classify train reristances, with a brii^f discussion of each 
daaa or land. 

12. * How much additional tractive force per ton will be 
neeiHMMuy to increase the velocity of a train from 8 m.p.b. to 22 
m.p.fa. in a ^irtaaoe of 800 feet? 
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13. Assume that an engine weighs 253,000 pounds and 
that its cylinder tractive power at Af velocity is 33,778 pounds, 
what is its rating for a 1.1 per cent grade? 

14. How many cars (empties) each weighing 17 tons, eould 
be hauled up that grade? 

1.5. On the basis of a Mikado locomotive, with 220,000 
pounds on the drivers, weighing 435,000 pounds, including tender, 
total heating surfaco 4720 square feet, besides a superheater, 
l>oiler pressure 170 fKiunds, using 4000 {>ounds of coal per hour, 
wIkmc elTective B.t.u. is 11,500, cylinders 28 inches in diameter 
and .32 inches stroke, drivers 63 inches diameter: 

(a) What is the maximum velocity (M) at which full pres* 
sure of steam may l)c maintained? 

(b) What will be the cylinder tractive jrower and the draw- 
bar pull at M velocity? 

(c) What will be the cjdinder tractive power at a velocity 
of 20 in.p.h.? 

(d) Draw the curves for cylimier tractive power and draw- 
bar pull for all velocities up to 3.') miles per hour. 

(e) Assuming a train of 20 freight cars averaging 68 tons 
and a caboose weighing 12 tons, what is the ipanmum rate of 
speed which could be maintained on a 0.7 per cent grade? 

(f) Draw the speed curve for acceleration from starting to 
maximum speed for this train and grade. 

16. Demonstrate the fundamental principle in the economy 
of pusher grades. 

17. Given a maximum grade of 2.10 per cent, what would he 
the corresponding through grade if one pusher engine is used — 
the engine being of the type descrilied in Question 15? If ttpo 
pushers were used on the 2.10 per cent grade, what would be the 
oorresi>onding one-pusher and through grades? 

. .18. Discuss the elements of the cost of the operation of 
pusher engines. 

19. Discuss the fundamental principles of the “balance of 
grades for unequal traffic”. 

20. Assume that an investigation showed a 3:1 ratio in 
eatct-bound and west^bound traffic. On the ’bads of a 0.7 par 
cent grade i^ainst east-bound traffic and the use for both throt^ 
and poalmr work of eog^es of the type described in Question 15, 
what^would be the corresponding grade ^punst west-bdand traffic? 



REVIEW QUESTIONS 

ON THE SUBJECT OP 

EARTHWORK 

PART 1 


1. State the different elatwes of jwwiT shuvelH. 

2. How would you excavate a canal 2(H) feet wi<le and 15 
feet deep? 

3. Compute the time and eont of excavation with a 2-yard 
revolving nhovel of a basement excavation, 2(K) feet long, (K) f^-et 
wide, and 10 feet deep, in a sandy clay soil. 

4. How many cubic yards of loam and clay can one latiorer 
loosen from a pit 5 feet d<‘ep and shovel into 1 i-yard dump wagons 
in a 9-hour day? 

5. Compute the cost of operation of a 2-yard drag-line 
excavator on an irrigation canal in glacis’ clay and requiring the 
removal of about 2500 cubic yards per 100 feet. 

6. What is the most efficient method of supporting an 
excavator on soft wet soils? 

7. Describe the method of ofleration of an elevating grader. 

8. Give an analytical statement showing the relative 
^economy of hand- and power-shovel excavation. 

9. Discuss the factors which determine the method to lx* 
used in excavation. 

JO. Discuss the relative efficiencies of four types of scrapers. 

11. State the advantages of electric operation of a power 
dtovel. 

12. What is the drag-line principle? 

12. Describe a machine which can excavate a canal to a 
/ true grade and witii smooth side slopee. 

14, Deseribe and illustrate by a diagram the operation of a 
doable4owerv-exeavat(»r. 
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15. DcHcribc the different tools and methods of loosening 
earth. 

IG. Describe the method of grading up an earth road mth 
a blade grader. 

17. What are the relative advantages of blade and elevating 
graders in earth-road construction? 

IS. Describe the method of opt'ration of a steam shovel oft. 
the fixed-platform type. 

IS). Descrilie the most economical power equipment to use 
on a drag-line excavator ofM'rating on a canal in the Middle West, 
twenty inil(*K from a railroatl. 

20. What are the special fields of usefulness of the small 
n'volving shovels? 

21. IVscrilxi the various types of hand shovels. 

22. What tyjK* of dredge would you use on a job where there 
were .s(‘veral canals to l>e dug in the same locality? 

2.3. Describe the machine which can be most economically 
us»‘d for the excavation of small dit<*hes in favorable soils. 

24. Describt* the w'alking equipment of a walking drag-line 
excavator. 

25. Discuss the relative efficiency of different types of 
excavators in shallow earth excavation. 


ill 



REVIEW QUESTIONS 

ON TOE fnmnccT of 

EARTHWORK 

PART II 


1. What are the principal fieIdH of uaefulnraB of a hydraulic 
dredge? 

2. Compute the cost per foot of trench excavation and 
tile laying for 12-incb tile at a depth of 5 feet. 

3. Can a hydraulic \lrcdge excavate hard materids? 

4. What are the different classes of dipper dretlges? 

3. Describe a ditcher which can excavate a trench and 
lay tile. 

6. D^ribe the operation of a Lobnitx rock cutter. 

7. Describe the most efficient op<>rating equipment of a 
dipper dredge. 

8. Why has the ladder dredge not become a more generally 
used excavator in this country? 

9. Discuss the relative merits of three different makes of 
continuous bucket excavators. 

10. What are the fields of usefulness of the tower cableway? 
. 11. Describe Ihe method of operation of a ladder dredge. 

12. What kind of side spuds are the most satisfat'tory for 
dredge openttion in narrow canals? 

^13. Describe the conrinuous bucket excavator. 

14. How are high banks excavated with a ladder dredge? 

15. Illustrate and describe the section of a ditch which a 
dredge cui esmayate. 

16. What is the best form of excavator to use in the excavation 
«f large trmehes in narrow city streets? Why? 

17. Describe three types of buckets. 

; JbSr ‘tktfimhe ofMNwring eqidpment of a hydraulic dredge. 
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19. What method of subaqueous rock excavation is used in 
this country? 

20. li^cn should electric operation be used on a hydraoUc 
dredge? 

21. How would you operate traveling derricks on trench 
excavation? 

22. Describe the method of operation of the trestle track 

excavator. ' 

23. Compare th* relative efficiency and 8co|ie of work of 
the Lobnitz rock cutter and the drill boat. 

24. State the different classes of trench excavators. 

25. Discuss the field of usefulness of the dipper dredge. 
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